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PREFACE 


The present edition of Bemthsen^s Organic Chmisinjy while 
based upon former editions, consists of a complete revision 
with the addition of a large amount of new material, ^he 
earlier chapters give an outline of General Systematic Organic 
Chemistry, and the succeeding ones deal in rather more detail 
with the chief problems which have attracted the attention 
of chemists during recent years. 

The material retained from previous editions has been care- 
fully re-considered and modified to bring it into accordance 
with the results of recent research. To the subject matter 
dealt with in those editions the following chapters have now 
been added: LIL Same Cyclic Systems; LIIL Organic Deriva- 
tives of Arsenic; LIV, Synthetic Drugs; LV. Synthetic Dyes; 
LFL The Chemistry of Rubber. 

The last four chapters indicate the application of organic 
chemistry to technical and commercial problems, and should 
be of particular practical value to the present-day student. 

Numerous references to original papers are given iti the 
text. The following works are recommended for special 
study; — 

Meyer and Jacobson, Handbuch der orgmischen Chemie; 
Lassar-Cohn, ArbeOsmethoden; Th^Weyl, Die Methoden der 
organiscben Chemie; Werner, Lehrbuch der Stereochemie; Landolt, 
Das j>tische Drehungsvermbgen; 0. Aschan, Chemie der alicy- 
disc^ Ferbindungen; E. Fischer, ^^minosdwen und Polypeptide^ 

1906; Purin^Sruppe^ 1907; Kohlenhydrate und Fermenter 1909; 

ui 
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Cain, The I)iaz(h<xmpounds Smiles, BelcUions between Chemical 
Constitution and Physical Properties; Stewart, Stereo-chemistry; 
Eecent Advances in Organic Chemistry; Sidgwick, Organic 
Chemistry of Nitrogen; Harden, Alcoholic Fermentation; E. F. 
Armstrong, Simple Carbohydrates and Glucosides; Bayliss, 
Enzyme Action; Schryver, Proteins; Cain and Thorpe, Synthetic 
Dyestuffs; Cain, The Manufacture of Intermediate Products for 
Dyes; P. May, Synthetic Drugs; Harries, Untersuchungen uber 
das Ozon und seine Einwirkung auf organische Verbindungen; 
Hale, Synthetic Use of Metals in Organic Chemistry; also various 
volumes in Sir Edward Thorpe’s Monographs on Industrial 
Chemistry^ e.g. — 

Morgan’s Organic Derivatives of Arsenic and Antimony; 
Watson’s Colour in Relation to Chemical Constitution; Perkin 
and Everest’s Natural Organic Colouring Matters; Henderson’s 
Catalysis in Industrial Chemistry, 

Valuable Summaries of certain fields of Organic Work, such 
as Combustion, Diazo-compounds, Grignard’s Reagents, Cam- 
phor, Tautomerism, Stereo -chemistry of Nitrogen, &c., will be 
found in the Reports of the British Association since 1900, 
and also in Ahren’s Sammlung chemischer und chem,-technischer 
Vortrdge from 1897 onwards. 

J. J. SUDBOROUGH. 

Bangalore, October^ 1921, 
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ORGANIC CHEMISTRY 


INTRODUCTION 


Organic Chemistry is the Chemistry of the Carbon Com- 
pounds. Formerly those compounds which occur in the 
animal and vegetable worlds were classed under Organic, and 
those which occur in the mineral world under Inor^nic 
Chemistry, the first to adopt this arrangement having oeen 
Lim^ in his Cours de Chimie (1675). After the recognition 
of the fact that all organic substances contain carbon, it was 
thought that the difference between organic and inorganic 
compounds could be explained by saying that the latter were 
capsule of preparation in the laboratory, but the former only 
in the organism, under the influence of a particular force, the 
life force — vis vitalis — {Berzelius), But this assumption was 
rendered untenable when Wohler in 1828 synthetically pre- 
pared urea, CONgH^, a tj^ical secretion of the animal 
organism, from cyanic acid and ammonia, two compounds 
which were at that time held to be inorganic; and when, 
shortly afterwards, the synthesis of acetic acid, by the use of 
carbon, sulphur, chlorine, water, and zinc, was effected. 

Since then so many syntheses of this kind have been achieved 
as to prove beyond doubt that the same chemical forces act 
both in the organic and inorganic worlds. 

The separation of the two branches, Organic and Inorganic 
Chemistiy, from each other is, however, still retained for con- 
venience sake, although the original r3asons for this separation, 
which at the time was more or less a matter of necessity, have 
since been found to be erroneous. In consequence of the great 
capacity of combining with one another which carbon atoms 
posse's, the number of org^anio compounds is extraordinarily 
targe, and in order to be in a position to study them, it is 
necessary to Lave a knowledge ox the other elements, including 
rp480) X % 
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the metals. The carbon compounds, many of the most im* 

E ortant of which contain only carbon and hydrogen, or carbon, 
ydrogen, and oxygen, also stand in a closer relationship to 
each other than do the compounds of the other elements. 
Partly upon grounds of convenience, carbon itself and some 
of its principal compounds, such as carbonic acid, which is 
so widely distributed in the mineral kingdom, are treated of 
under Inorganic Chemistry. 

The expressions “or^nic” and ** organized ” substances 
should not be confused; organized substances, e,g. leaves, 
nerves and muscles, and also the life-processes which go on 
in the interior of the organism, are treat^ of under Physiology 
and Bio-chemistry. 

Constituents of the Carbon Compounds 

Many organic substances are composed of carbon and hydro- 
gen only, and are then termed hydrocarbons, for instance, 
ethylene, benzene, petroleum, naphthalene, and oil of turpen- 
tine; a vast number consist of carbon, hydrogen, and oxygen, 
for instance, wood spirit, alcohol, glycerine, aldehprde, oil of 
bitter almonds, formic acid, acetic acid, stearic acid, tartaric 
acid, benzoic acid, carbolic acid, tannic acid, and alizarin; 
man^ compounds contain carbon, hydroge^ and nitrogen, 
for instance, prussic acid, aniline, and coniine; as examples 
of compounds containing carbon, hydrogen, nitrogen, and 
oxygen, m^ be taken urea, uric acid, indigo, morphine, and 
quinine. In addition to these, sulphur, dlorine, bromine, 
iodine, phosphorus, and, generally speaking, the larger number 
of the more important elements, are also frequent constituents 
of the carbon compounds. 

Qualitative Analysis of Orgranic Compounds 

The presence of Carbon in a compound is often proved by 
the "carbonization” of the latter, e,g. starch, sugar, &c., when 
heated in a glass tube^^ or when warmed with concentrated 
sulphuric acid. Oarbos compounds which readily volatilize, 
alcohol, chloroform, acetic acid, do not give these tests, 
but many of them deposit carbon when their vapours are led 
through a red-hot tube. The best proof of the prec^pce of 
carbon is obtained by completely oxidizing the organic com- 
pound by either heating it with copper oxid^ (see Dq][ow)| or 
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by leading its vapour over £he slowing oxide. The carbon 
present is thus converted into carton dioxide, and the Sydro- 
gen into water. 

Nitrogen in organic compounds is recognized — 

(a) Frequently by a smell resembling that of burnt hair, 
upon heating; 

(i) Frequently by the presence of red fumes, or by explosion, 
upon heating (nitro- and diazo-compounds); 

(e) In many cases by the liberation of ammonia upon heating 
with soda-lime {Wohler) •y 

{d) In all cases by heating with potassium (and in most 
cases with sodium), and testing the metallic cyanide formed 
— (see Cyanogen Compounds)— by dissolving the fused mass 
in water, admng a few drops of ferrous sulphate solution, 
toiling, and acimfying with nydrochloric acid (formation of 
Prussian Blue) ; or by converting the cyanide into thiocyanate, 
and proving the presence of the latter by means of the blood- 
red coloration with ferric chloride. [See tests for hydrocyanic 
acid {La88aig7ie).'\ If sulphur be likewise present, iron filings 
must be added. 

Testing for the Halogens. Direct precipitation by nitrate 
of silver is usually not practicable; thus, no chlorine can be 
detected in chloroform even upon boiling it with AgNOj. 
The halogens are therefore tested for: 

(a) By heating the substance on a platinum wire with cupric 
oxide in the Bunsen flame, or by causing the vapour of the 
compound to pass over glowing copper gauze; in this way 
chlorine gives first a blue and then a green flame coloration, 
and iodine a green (BeUsiein); 

(b) By heating the substance strongly with pure lime, and 
^ting the solution of the haloid calcium salt produced with 
silver nitrate ; 

(e) By heating in a sealed tube with fuming nitric acid and 
nitrate of silver, when the haloid silver salt is produced 
{Carim). 

Testing for Sulphur: 

(a) In many cases, upon toiling ^th an alkaline solution 
of lead oxide, brown sulphide of lead is formed {e.g. white of 


Jb) By heating with sodium, and testing the resulting sodium 
sulpn^e with water upon a silver coin (black staii^; or by 
means of sodium nitroprusside solution (purple-violet colora- 
tion) 
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(e) By complete oxidation in the dry way, by fuaing with 
potassium carbonate and nitre, or by heating with mercuric 
oxide and sodium carbonate; or in the wet way, by fuming 
nitric acid (Carius), and testing the sulphuric acid produced, 
by barium chloride solution. 

In like manner Phosphorus is converted by complete oxida- 
tion into phosphoric acid; or, upon heating with powdered 
magnesia, and moistening the resulting mass with water, 
the presence of phosphuretted hydrogen can be recognized 
(Sehonn). 

All the other Elements are tested for, after complete oxida- 
tion of the compound (preferably by Carius* method), in the 
usual way. 

Another method (B. 1904, 37, 2155) is to heat a small 
amount of the substance with sodium peroxide and twenty- 
five times its weight of naphthalene or cinnamic acid in an 
iron tube, and then test for haloids, sulphates, phosphates, &c. 

Quantitative Organic or Elementary Analysis 

Estimation of Carbon and Hydrogen (Combustion). The 
substance is oxidized by heating it to redness with cupric 
oxide (Liebiff), or with other substances which readily give up 
oxygen, such as lead chromate, platinum and oxygen (Derm- 
sUdt)* &c., in a tube of difficultly fusible glass, which is 
open either at one or at both ends. 

The carbon dioxide, thus produced by the oxidation of the 
carbon, is absorbed hy a concentrated solution of caustic pot- 
ash contained in specially shaped bulbs, and the water, pro- 
duced by the oxidation of the hydrogen, in a U-shaped calcic 
chloride tube, both tubes being weighed before and after the 
combustion. If the substance — (0*2 to 0*3 grm.) — is solid, it 
is either mixed with fine, dry copper oxide {lAebig^ Bymen\ or 
placed in a porcelain or platinum boat and burnt in a stream 
of air or oxygen (open tube). Liquids are weighed out in 
small tubes or thin sealed glass bulbs. When nitrogen is 
present^ a coil of tight^v -rolled copper-wire gauze is placed 
in the front part of the^combustion tube and heated to red- 
ness, in order to reduce any oxides of nitrogen which may 
be formed in the subsequent combustion. In the presence of 
sulphur or of the halogens, lead chromate, which ha^ been 

* For dotoals see Sndboroo^ sad Jsmes* Praotioal Orawnia (ThmauU^, 
Ohsp. V. B. 
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fused and then powdered, is ased instead of copper oxide, so 
as to convert any Cl, SOg, &c., into PbClg, PbSO., &c., and thus 
prevent them from passing into the potash solution. When 
only halogens, without sulphur, are present, the combustion is 
carried out with copper oxide, a copper, or still better a silver 
spiral, which is kept cool, being placed in the fore-part of the 
tube to retain the nalogens. 

In the presence of alkalis or alkaline earths (which would 
retoin carbon dioxide), lead chromate mixed with of its 
w^eight of potassium bichromate is used; the chromic acid 
then expels all the carbonic acid. 

Explosive compounds must be burnt in a vacuum. From 
the weights of carbon dioxide and water found, the percentages 
of 0 and H are readily calculated: 

C = ACO^; H = iH,0. 


Estimation of Nitrogen. This estimation is either relative 
or absolute. In the former case the proportion between the 
nitrogen and the carbon dioxide evolved is determined {Liebig^ 
Bunsen); in the latter the nitrogen is either estimated as such 
volumetrically, or as ammonia. 

The conversion into Ammonia is effected by heating the 
substance strongly with soda-lime {fFill, Vdrrentrajjp)^ or by 
creating it wdth strong sulphuric acid and permanganate of 

S otash {Kjddahl; Z. Anal Ch, 22, 366; also B. 19, ^f. 852; 
4, 3241; 27, 1633). The ammonia is then either titrated 
directly by absorption in standard acid, or transformed into 
ammonium platinichloride, (NH 4 )JtCle, which is weighed, 
or else ignited, and the weight of the residual metallic pla- 
tinum noted. 

In the Oasometric Estimation of Nitrogen the substance is 
mixed with copper oxide, a copper spiral being also us^ in 
the front part of the tube, and the combustion is carried out 
in the usual way, but in a stream of carbon dioxide; the CO- 
is either generated from magnesite in the tube itself, or lea 
through it. The nitrogen is collected over mercury and 
aqueous caustic potash (Dwrnas), Qr directly over potash 
{Zvlkomky^ Sckwarz^ Schiff, &c.), iif some special form of 
nitrometer. 

Its .percentage is obtained by reducing the volume to the 
volume at normal temperature and «^res8ure, determining the 
weight of this volume of nitrogen from the fact that 1 c.c. of 
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dry nitro^n at 0^ and 760 miii. weighs 1*2489 mg., and el* 
pressing the result in percentage. 

The Gasometric method mav be used for all classes of 
nitrogen compounds, but the Soda-lime method cannot be used 
for nitro compounds, certain bases, and various other groups 
of compounds, as the nitrogen of these is not completely 
transformed into ammonia upon heating with soda-lime. 

For the simultaneous determination of carbon, hydrogen, 
and nitrogen the combustion must be carried on in a stream 
of pure oxygen, the mixture of gases escaping from the potash 
bulbs being collected over a solution of chromous chloride, 
which absorbs the oxygen, but not the nitrogen (A. 1886, 
238, 375). 

JBstimation of Sulphur and Phosphorus. The Sulphur is 
estimated as sulphuric acid, being converted into this — 

(a) In the wet way, b^ heating the substance with fuming 
nitric acid at 150'’-300'’ in a sealed tube {Carius\ or in a com- 
bustion-tube in a mixed stream of nitric oxide and oxygen 
{Claesson), or nitric acid vapour (^Klasan), 

(b) In the dry way — (and this method is only available in 
the case of the less volatile compounds) — ^by fusing the sub- 
stance with potassium hydroxide and nitre, or with soda and 
chlorate or chromate of potash, also by heating with soda and 
mercuric oxide, or with lime in a stream of oxygen. 

Phosphorus is estimated by analogous methods. 

Estimation of the Halogens. Here also the organic sub- 
stance is completely decomposed — 

(a) After Carius, as above, in a sealed tube, with fuming 
nitric acid and solid silver nitrate, by which means the halogen 
is converted into its silver salt; 

(i) By heating the compound strongly with pure lime in a 
hard glass tube, or in two crucibles, one of which is inverted 
in the other, or with sodium carbonate and nitre in a tube. The 
chloride formed is precipitated with silver nitrate in the usual 
way; 

(e) By the action of nascent hydrogen (sodium and alcohol), 
the halogen in the orgimic substance can frequently be con- 
verted into its hydrogen compouiid {Stepamw). 

Den/Miedi^^ B. 1897, Sff, 1590, 2861, has described methods 
for estinmting C, H, Cl, and S in one operation. 

Metallic and acidic rascals, contained in organic sal^e, can 
often be estimated directly by the usuid method. ^ 

Oxygen is almost invariably determined by difference; direct 
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methods of estimation have been proposed hy Btrnnhauer^ Ladet^ 
lurg^ Strcmeyer^ and others. 

The carbon estimation is usually too low (0*05 — 0*1), owing 
to leakage and incomplete absolution, that of hydrogen too 
high (0*1 — 0*2), owing to the difficulty of completely drying 
the cupric oxide. Nitrogen estimations are also usually too 
high, owing to the difficmty of completely freeing the carbon 
dioxide from air. 

The Calculation of the Empirical Formula 

The same principle applies here as in the case of inorganic 
compounds, i,e. the percentage numbers found are divided by 
the atomic weights of the respective elements, the relative mro- 
portions of the quotients obtained being expressed in whole 
numbers. For instance, acetic acid being found to contain 
40*11 p.c. carbon, 6*80 p.c. hydrogen, and, consequently, 53*09 
p.c. oxygen, the quotients are to each other as 3*34 : 6*80 : 3*32 
= 1:2:1. The simplest analysis-formula of acetic acid would 
therefore be CH^O. Sometimes figures are obtained which 
correspond with equal nearness to mfierent formul®, between 
which it is thereWe impossible, without further data, to 
choose. 

For instance, a sample of naphthalene yields on analysis 
93*70 p.c. carbon and 6*30 p.c. hydrogen ; the quotient pro- 
portion hero is 7*81 to 6*30 = 1*239 : 1, which corresponds 
equally well with the numbers 5:4 or 11:9. The formula 
C5H4 requires 93*75 p.c. carbon and 6*25 p.o. hydrogen, and 
the formula C^Hg, 93*62 p.c. carbon and 6*38 p.c. hydrogen, 
the deviations Hom the actual numbers found being in both 
cases within the limits of experimental error. Therefore other 
considerations must be taken into account here, in order to 
decide between the two formul®. 

The formula derived from the results of analyses is termed 
the Empirical Formula, and expresses the simplest numerical 
relationship between the atoms of the elements present. The 
actual molecular formula may be a multiple of this, and has to 
be determined according to special principles. 

Determination of Holecular Weight 

1. By Chemical Methods. 

Onr cbemichl formul® (s.y. CH^O) express not merely a 
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percentage relation, but at the same time the smallest q|uantity 
of the compound which is capable of existing as 8u<m, i.e. a 
molecule of it This molecule is ideally no longer divisible by 
mechanical means, but only bv chemical, and then into its con- 
stituent atoms. If the formula CH 2 O were the correct one for 
acetic acid, then the amount of oxygen (or carbon) contained in 
a molecule would be indivisible, and that of hydrogen divisible 
only by 2. Since, however, it has been observ^ that one- 
fourth of the total hydrogen in acetic acid is replaceable, e.g. 
by a metal, with the formation of a salt, it is obvious that the 
quantity of hydrogen in the molecule must be divisible by 4, 
and so the formula must contain at least 4 atoms of hydrogen, 
and must therefore be C 2 H 40 ^ or some multiple of it. This 
is,'*in fact, the case. Acetate of silver contains 64*67 p.c. silver, 
and therefore 35*33 p.c. of the acetate radical; or, to 1 atom of 
silver = 108 parts by weight, there are 59 parts by weight of 
the acid radical. This 59, together with 1 atom of hydrogen 
as 1, makes the molecular weight of acetic acid 60, = 2 x 30, 
as 2 X CH 2 O, = C2H^02, 

This is a determination of molecular weight by chemical 
means. Such determinations are carried out in the case of 
acids generally by means of their silver salts ; these are usually 
normw salts, are easy to purify, are almost always free 
from water of crystallization, and are readily analysed. It 
is, however, absolutely necefisary to know whether the acid 
is mono- or polybasic. In the case of a di-, tri-, &c., basic acid, 
the above calculation must be made with reference to 2, 3, 
&c., atoms of silver, whereas acetic acid — being monobasic — 
contains only one replaceable atom of hydrogen, which is 
therefore exchanged for one atom of silver. Consequently, 
its formula cannot be a multiple of C 2 H^ 02 . 

In the determination of the molecular weights of Bases, their 
platinichlorides are similarly made use of, these being almost 
always constituted on the type of ammonium platinichloride: 
(NH 8 )^ 2 PtCl^ : i.e. they contain two molecules of a mono- 
acid base such as ammonia combined with one atom of 
platinum. 

To determine the mokoular weights of Neutral Compounds, 
derivatives must be prepared and examined for the proportion 
of the total hydrogen which is replaceable, e.g., by chlorine. 
For exanmle, by the aq^ion of cnlorine upon naphtl^lene, 
there is first formed the substance monochloronaphthalene, 
which contains 73*8 per cent G, 4*3 per cent ana per 
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cent Cl, these numbers giving the formula C|aH^CL In the 
same way benzene yields the compound C^BLCI In both 
these cases the halogen ajts by replacing hyarogen, and at 
least one atom of the latte * in tne molecule must be replaced, 
since fractions of an atom are necessarily out of the question. 
If, then, the compound oltained has the formula C^H^Gl, it 
follows that ^th of the H present has been replac^ by Cl, 
and there must consequently be 8, 8 X 2, or 8 x 3, &c., atoms 
of hydrogen in the compound, and likewise 10 atoms, or some 
multiple of 10, of carbon. But a multiple of 8 or 10 may be 
rejected, since no compour.ds have been observed which would 
indicate the replacement of ^th of the total hydrogen. This 
leads to the formula C^oHj for n^hthalene, the other possible 
formula got by analysis viz. Cj^Hq (see p. 7), being now 
untenable. In a similar ^yay the formida of benzene is found 
to be CJBlq. 

2. By Physical MsTHODa 

(a) By Estimating the Vapour Density. 

According to the law of Avogadro (1811) and Ampire (1814), 
all gases under similar conditions, i.e. in the perfectly ^eous 
state and under the same temperature and pressure, contain in 
equal volumes equal numbers of molecules. It follows from 
this that the weights of equal volumes of different ^es are 
proportional to the weights of equal numbers of their con- 
stituent molecules, in other words, the molecular weight is 
proportional to the specific gravity of the gas. Thus, if M, be 
the molecular weight of any given substance required, 
that of oxygen, S the vapour density or specific gravity of the 
former as compared with oxygen taken as 16*^, 

; Mo = S ; 16. 

And since = 32, M, = S x 2. To determine, therefore, 
the molecular weight of a gas or vapour, one has only to find 
its density, and to multiply this by 2. 

To take an example, the specific, gravity of acetic acid 
vapour being found to be 30, then M =: 60, and the mole* 
cular formula is CgH^Og = 60. 

* Ox gen is taken as standard (0 = 16) for yapour density, sinoe it is now 
customary to take it as standard in atomie-’w eight determinations. For all 
practioal purposesy one may take the density compared with hydrogen as 
unity. 
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It is essential to the application of this method that the 
temperature of the vapour shall be so high above the boiling- 
point of the substance that the latter is in the perfectly gaseous 
state, remaining at the same time undecomposed. 

The only common method emplo^^ed in the chemical labora- 
tory for vapour-density determinations is that due to Victor 
and Carl Meyer. In this process the small tube containing 
the substance is dropped into a vertical glass tube, the lower 
and wider part of which is cylindrically shaped and sealed. 
This is kept warm at a constant temperature, being surrounded 
by a long glass mantle in which a suitable liquid boils, the 
upper part of the mantle itself serving for the condensation of 
the vapour. The displaced air alone escapes, and is collected 
over water and measured. No determination, therefore, of 
the temperature of the vapour of the substance in question is 
required. Only about 0*1 grm. substance is required. In all 
cases the vapour density is the weight of the vapour, divided 
by the weight of an equal volume of hydrogen (see note, p. 9), 
which can readily be calculated in the usu^ manner. 

If, instead of having the apparatus filled with air, hydrogen 
Is employed, the greater molecular velocity of the latter 
allows of the conversion of substances into vi^ur at 30^-40° 
below their ordinary boiling temperatures (F. Meyer and De- 
mulh, B. 1890, 23, 311). 

Until a few years ago, the determination of molecular weights 
by physical means was restricted to the different modifications 
of the method which has just been described, and consequently 
it could only be carried out with substances which were either 
already gaseous, or which could be rendered so without decom- 
position. 

The later important researches of va/rCt Eoff^ Raoult^ Ar- 
rJiemus^ OsfwaJd^ and others, upon the nature of solution — in 
particular, the proof that the laws of Boyk, Oay-Lussac^ and 
Avogadro are applicable to solutions as well as to gases — now 
pemit, however, of the ready determination of the molecular 
weights of substances in solution, and therefore of ccmpovmds 
wkidi €<nUd nof be tfoUtUlizOl wUhaut decomposition. This is accom- 
plished as follows: — ^ 

(6) By Measuring the Depression of the Freezing Temperor 
ture ofSolutionSt or Cryoscopic Method. \ 

This method is based upon the following dat^ — ^Each solvent 
has a perfectly definite freezing-point {e.g. water 0^ benzene, 
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6*0^ and glacial acetic acid, 16*76''), but the introduction of a 
solute into such a solvent lowers the freezing-^int^ and within 
certain limits the lowering is directly proportional to the con- 
centration of the solute. Kaoult has shown that gram mole- 
cules of different substances dissolved in equal weights of the 
same solvent lower the freezing-point of the solvent to the 
same extent, or equimolecular solutions have the same 
freezing-point The molecular lowering of the freezing-point 
is the lowering which would be produced when the gram 
molecule (M) cu the substance was dissolved in 100 ginms of 
solvent, and is usually denoted by C. This varies for different 
solvents, and may be determined experimentally by using 
substances of known molecular weight, e.^., ^ grams of a sub- 
stance of molecular weight M dissolved in 100 grams of 
solvent caused a depression of A® in the freezing-point of 
the solvent. 

A = depression forjp grams in 100 grams of solvent 
m| = „ M „ 100 

/. c = m|. 

The value 0 may also be calculated theoretically from van't 
2 T* 

Hoff’s equation C = JooX’ ^ absolute freezing- 

point of the solvent, and L is the latent heat of fusion of the 
solvent 

Having determined the value C (for water C = 18*5, for 
glacial acetic acid 39, and for benzene 50), we may use the 
same equation 

O = or M = ^ 
p A 

for calculating M when A = lowering of the freezing-point 
produced by dissolving p grams of a substance of u&nown 
molecular weight M in 100 grams of solvent 

It is obvious that this method cannot be employed with 
satisfactory results for determining uhe molecular weights of 
electrolytes in ionizing media. It Las also been found that 
certain hydroxylic substances give abnormal values in benzene 
solutioi^ owing to the fact that benzene tends to cause the 
assocLtion of molecules of such com.pounds. 

Ebullisoopio .Method. Molecular weights may also be 
detenmned by the raising of the boiling-point of a suitable 
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solvent produced hy the introduction of known weights oi 
the substance into a given weight (or volume) of the solvent. 
The principles involved are exactly the same as those dis- 
cussea above in the cryoscopic method, but the forms of 
app^tiM are different. (J. 0. S. 1898, 73, 502.) 

Descriptions of apparatus employed in these physical 
methods are given in Sudborough and James’ Practical Or- 
ganie Chemistry^ Chap. VIII. 

(c) By Measurement of the Osmotic Pressure. 

According to vanH Hoff (Z. phys. Chem. I. 481), equimole- 
cular solutions exert the same osmotic pressure, or are isotonic, 
ecpiality of temperature being assumed. From this it follows, 
by reasoning analogous to that in section (&), that the mole 
cular weight of a compound can be ascertained by measuring 
the osmotic pressure of its solution. The method is rarely 
used in chemical laboratories. {Ladenburg, B. 1889, 22, 1225; 
Af. Plancky Z. phys. Chem., 1890, 6, 187.) 

(d) By Measurement of the Lowering of the Vapour Pressure, 

According to Eaoult^ the same generalizations hold for the 
lowering of the vapour pressure of a solvent by the introduc- 
tion of a solute, as for the loweri^ of the freezing-points or 
the raising of the boiling-point. Tnree methods of applying 
the principle for the determination of molecular weights have 
been described. This law can be deduced theoretically from the 
preceding one (c), and it also stands in theoretical continuity 
with that of (6). (See fVill d Bredig, B. 1889, 22, 1084; 
Barger^ J. C. & 1904, 85, 206; Perman, ibid. 1905, 87, 194; 
blackrrum^ ibid. 1474.) 

(e) By Measuring the Decrease in SolvbUUy. 

(Nemst^ B. 23, Ref. 619. See also Ostwald-Luther.) 

Polymerism and Isomerism 

The determination of^molecular weight is of the first im- 
portance, because different substances very frequently have the 
same percentage composition and therefore the same empirical 
formula, and yet are totally distinct from one another. This 
difference is often due to differences in the complexities^f the 
molecules. Thus formic^ldehyde, CH^O; acetic acid, 0 ^ 40 ,; 
lactic acid, C 3 EE 403 ; and grape-sumr, have all the 

same percentage composition; as have also ethylendj^ Q{H 4 ; 
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propylene, CsH^; and butylene, C 4 Hg. Compounds standing 
in such relation to each other are termed polymers. Very 
frequently, however, substances which are totally distinct 
from each other possess both the same percentage composition 
and the same molecular weight; that is to say, these com- 
pounds are made up not only of the same elements, but also 
of an equal number of atoms of these elements; such sub- 
stances are termed isomers or metamers. (See Ethers.) 
Thus, for instance, common alcohol and methyl ether, the 
latter of which is obtained by heating methyl alcohol with sul- 
phuric acid, have one and the same molecular formula, CnHgO 

The striWng phenomenon of isomerism is most readily ex- 
plicable on the assumption that for the molecule of each com- 
pound there is a definite arrangement of the atoms, and that 
this arrangement or grouping is difierent in the molecules of 
the two isomerides. This difference in grouping may be con- 
sidered as being due to a difference in the linking powers of 
the atoms, as is indicated by the dissimilar chemicd behaviour 
of isomers, and explained by the theory of valency. 

Chemical Theories; the Theory of Valency 

After the fall of the Electro - Chemical theoiy, unitary 
formulae — in contradistinction to the earlier dualistic formulae 
— were much used; thus alcohol had the formula C^HgOg 
(using the old equivalent weights). The necessity for com- 
paring substances of complicated composition with simpler 
ones, taken as Types”, had already repeatedly led to the 
propounding of new theories for representing the constitution 
of organic compounds, e,g. the older Type theory {Dumas\ and 
the Nucleus theory (LavrerU). 

These obtained a firmer basis through Gerhardfs Theory of 
Types, which received support more especially from the dis- 
covery of ethylamine and other ammonia bases {Wwriz^ 1849, 
and nofmmn^ 1849, 1850), the proper interpretation of the 
formulas of the ethers {fFUliamson,’ 1850), and the discovery 
of the acid anhydrides (^Oerhardt^ 1851). All compounds, 
inorganic as well as organic, were in this way compared with 
simmer inorganic substances taken as **T]^es”, of which 
Oerhnrdi named four, viz. — 

§} g) g)o i}» 



14 nrnsooTTonoir 

The first two of these really belong to the same type. Thus 
the following formolss were arriTed at: — 

PotaMinm chloride Ethyl chloride Acetyl chloride 


h)® h}® 


^}o 

C^O}o 

Potaasium hydroxide 

mMoutd 

Alcohol 

Acetic acid 

1)0 

NO,\o 

NOJ” 

ft 

i 

0 

PoUiiinm oxide Nitric anhydride 

£thw 

Acetic anhydride 

hVn 

hJ 

T}- 

C,H,0) 

H VN 

H J 



Ethylamine 

AMtamide 



&c. &c. (^ganic compounds could thus, like inorganic, be 
referred to inorganic t^es by assuming in them the presence 
of Badicals (e.g, ethyl, U2H5; acetyl, C^llsO, &c.), f.s. of groups 
of atoms which play a part analogous to that of an atom of 
an element, and which can be transferred by double decom- 
position from one compound to another. Thus ethyl chloride, 
C2H5OI; alcohol, OjH-O; ethylamine, C^HyN; ether, C4 HiaO; 
&c., were represented as containing the same radical C^H^, 
ethyl, and the close relationship existing between these com- 
pounds now found expression in the type formulss. 

Sulphuric acid, H2SO4, was derived from the double water 
tjrpe, thus — 



and chloroform, CHGlg, and glycerin, O^HgOs, from the triple 
hydrochloric acid and water types — 

S;} : i:)<^ ■ 

the assumption being made that the radicals (SO,)", 

(CH)'", and could nplace a number of hydrogen Aoms 

corresponding with the number of accents (') marked uron them, 
t.e. that Uiey were monatomic, diatomic, &c. To the Above 
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three types KekuU afterwards added a fourth, of especial im- 
portance as regards the carbon compounds, viz. — 


Marsh-gas. 


It was then found that many compounds could be referred 
equally well to one or another of these types, methylamine, 
for instance, either to CH 4 or to NH„ thus — 



The assumption, already mentioned, of the atomic groups 
(radicals) which in these types replaced hydrogen, led further 
to more exact investi^tions of the chemical value, ie. the 
replaceable value, of tnose gji'oups as compared with that of 
hydrogen. In this way chemists learnt to mstinguish between 
mono-, di-, tri-, &c., valent groups, and, generally speaking, to 
pay more attention to equivalent proportions. 

As the outcome of his researches upon organo-metallio com- 
pounds, Frankkmd formulated in 1852 (A. 86 , 368) the law 
that the elements nitrogen, phosphorus, arsenic, and antimony 
tend to form compounds which contain three or five equivalents 
of other elements. 

KekaU then, in 1867-58 (A 104, 129; 106, 129), proceeded 
to show that a more profound idea (the “ Type idea ”) lay at 
the root of the types themselves, viz., that there are mono-, 
di-, tri-, and tetravuent, &c., elements, which possess a corre- 
sponding replacing or combining value as re^irds hydrogen; 
and that hydrogen is therefore monovalent, oxygen divalent^ 
nitrogen tnvalent^ carbon tetravalent^ and so on. 

With the introduction of the CH 4 type by KekuU, and the 
establishment of the tetravalent naUire of the carten atom 
accompanying this, were connected the endeavours of Kolbe 
to denve the constitution of organic compounds from carbonic 
acid (according to Kolbe 0 ^ 04 , C =» 6 , 0 = 8 ), by the ex 
changb of oxygen for organic radica^ (A 113, 293); see also, 
for further detf^s, Koppe ** Entwickelung der Ghemie in der 
neuerei^ Zeit” (Uldenbourg, Munich, 1873), and E. F. MeyerU 
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** History of Chemistir ” (Macmillan^ 1891), Sdmlenrnet^s **Bu>e 
and Development of Organic Chemistry ” (Macmillan). 

The (question of the valency of elements, a point which it is 
often difficult to decide in inorganic chemistiy, is infinitely 
easier of determination in the case of the carbon compounds, 
because the carbon atom is tetravalent towards hydrogen as 
well as towards chlorine and oxygen. Since the atom of 
bydroeen, as the unit of valency, is monovalent^ and, further, 
since the divalence of the oxygen atom cannot reasonably be 
doubted, the valency of the three “ organic ” elements hydrogen, 
oxygen, and carbon may be considered as resting upon a sure 
basis, as may also the conclusions drawn therefrom, and this 
all the more since the most important carbon compounds are 
made up of those three elements. 

Within the past few years the divalency of the oxygen 
atom in many organic compounds has been brought into ques> 
tion. The readiness with which many oxy-derivatives form 
definite compounds with mineral acids and with metallic salts 
would appear to indicate that in many cases the oxygen atom 
can even be tetravalent (see Oxonium Salts). In certain com- 
pounds it hasalso beensi^gested that the carbon atom may be di- 
or trivalent (see Chap. L, D., CarbylaminesandTriphenylmethyl). 


Explanation of Isomerism; Determination of the 
Constitution of Organic Compounds 


The phenomenon known as isomerism is elucidated to a 

S eat extent by the theory of valency. If two substances 
ve the same molecular formula, ie. both contain the same 
elements and the same number of atoms of the respective 
elements in their molecules, then the obvious conclusion to 
be drawn is that in the two molecules the atoms are differently 
arranged. The methods adopted in determining the manner 
in which the atoms are linkea together, or, as it is called, the 
determination of the chemical constitution of the compound, 
is usually based on the following points : — (a) The respective 
valencies of the atoms coi^tituting the molecule. A compound 

CJL must have the structural formula or, as 

W 


it is often more shortly written, if each at%m of, 

carbon is to be represented as tetravalent, and each hydrogeu 
atom as monovalent. Similarly the compouncf GH4O ipust be 
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represented as H* CHg-OH if the carbon atom 

is tetravalent, the oxygen atom divalent, and the hydrogen 
atoms monovalent, (b) A study of the more important methods 
of formation and of the chemical reactions in which the com- 
pound in question can take part. To select as an exam^e 
ethyl alcohol, C^HgO. We can start from ethane, CHg-OHg, 
ana by the action of chlorine replace one of the hydrogen 
atoms by a chlorine atom, and thus obtain the compound 
CHj^CEfgCl. When this is boiled with dilute alkalis (KOH), it 
gives potassium chloride and ethyl alcohol, CgHgCl 4- KOH =* 
OgHgU + KCl. From this it is obvious that the monovalent 
chlorine atom becomes replaced by an atom of oxygen and 
an atom of hydrogen. This can be readily understood it 
we assume that these two atoms enter in the form of the 
monovalent hydroxyl group, — 0 — H, and the constUuiional 

formula for ethyl alcohol would then be H^C — or 

CHg-OHj-OH. This formula is further supported by a study 
of most of the chemical reactions in which eth^l alcohol can 
take part. It can react with metallic sodium, yielding a com- 
pound, sodium ethoxide, CgH^NaO; however much sodium is 
employed, only one of the six hydrogen atoms present in the 
alcohol molecule can be replaced by sodium, and this atom is 
presumably the one differently situated from the remaining 
five, namely, the one attached to oxygen. The presence of 
the hydroxyl, — 0 — H, group is furtner confirmed by the 
action of hydrogen chloride or of phosphorus trichloride on 
the alcohol, when an atom of chlorine takes the place of the 
•OH group. 

CHg.CHj-OH-fHa = CHg.CHja + H.OH 
and SCHg-CHj.OH + PCla = SPHs-CHga P( 0 H) 3 . 


Isomeric with ethyl alcohol is the substance known as 
dimethyl ether. Although it has the same molecular formula, 
it differs altogether from ethyl alcohol in its chemical and 
physical properties. The only other possible method of link- 
ing up the atoms 2 0, 6H, and 0, is H^C — O — C^H, in 


which the two carbon atoms are not^ directly united to one 
another^ and in ^hich the six hydrogen atoms are all similarly 
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situated The chemical reactions of dimethyl ether are in p6]> 
feet harmony with this constitutional formula. It does not 
react with metallic sodium, and hence presumably does not 
contain an *OH group. When acted upon by hydnodic acid, 
under suitable conditions, the molecule is ruptured, as repre 
sented by the following equation: — 

CH,.O.CH, + HI = GHjI + CHn-OH. 

Similarly, whenever the oxygen atom is removed a rupture 
of the molecule occurs, and the two carbon atoms in the mole- 
cule become separated. 

The constitutional formula for acetic acid is written 

This formula corresponds perfectly with 

the chemical behaviour of acetic acid and explains the fol- 
lowing facts: — (a) that one of the hydrogen atoms of the acid 
possesses properties different from those of the three others, 
the first-named being easily replaceable by metallic radicals; 
(6) that the two oxygen atoms behave differently, not being 
equally readily exchangeable for other radicals; (c) that dif 
ferent functions appertain to the two carbon atoms, so that 
one of them — ^being already joined to two atoms of oxygen — 
easily gives rise to carbonic acid, while the other— connected 
as it is with three atoms of hydrogen — readily passes into 
methane or methyl compounds. 

On account of the innumerable cases of isomerism which 
have been observed, simple molecular formulae alone are in 
most cases insufficient for the discrimination of organic com- 
pounds; it generally requires the constitutional formulae to 
give a clear idea of their behaviour and of their relations to 
other substances. Careful study has made it possible within 
the last few decades to find out the mode in which the atoms 
are combined in the molecules of most organic compounds, and 
from this to deduce new methods for their preparation. The 
constitutional formulae |hu8 arrived at are sometimes simple, 
sometimes, however, coioplicated, ::;8, for instance, in the cases 
of citric acid and grape-sugar (Chaps. XI, C. and XIV, A.). 

Rational Formula % 

Great latitude is permissible as regards the mode of wilting 
constitutional formulae, according to the particular points 
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which it is desired to emphasize. A formula on paper is not 
as a rule intended to represent the symmetrical or spatial 
arrangement of the atoms in a compound. 

A shortened constitutional formula, which indicates more 
chemical relations than an empirical one does, is called a 
rational formula; e,g, C 2 H 5 OH, alcohol; (CH 8 ) 20 , methyl 
ether; acetic acid. 

CH3— CH,.CO-OH, CHj.COjH, (CH3.CO)OH, 
cjHaO'OH, H(C2H302); and so on. 

A system of shorthand formulae has been suggested by 
Hadch (Sci., 1918, 48, 333). The crossing of two lines 
represents a carbon atom, oxygen and nitrogen atoms are 
denoted by lines meeting, and hydrogen by lines terminating. 
Single valencies are denoted by strai^t and double by curved 
lines. Acetic acid » 

The Nature of the Carbon Atom 

The theoretical views and the knowledge thereby gained of 
!»he nature of the carbon atom may be expressed somewhat as 
follows: — 

1 . The carbon atom is tetravalent. 

2 . Its four valencies are all equal; a mono>substituted deri- 
vative of methane exists in only one form, that is, isomerism is 
not met with. 

3. The atoms or atomic groum which are held bound by 
these four valencies cannot readily exchange places with each 
other (the Le Bel--vm*t Hoff law y 1874). rroof; there are in 
nearly every case two physically different tetra-substitution 
products, C, a, b, c, d of methane (see Stereochemistry). 

4. Several carton atoms can be connected together by either 
one, two, or three valencies (see p. 23); C«0, C:0, 0:U. 

6 . Similarly, three or more carbon atoms may be united, 
forming in this way the so-called ** carbon chains^’ (see p. 32), 
thus — 

C.C.0.0; C.C.C:C.C.C; 

The number of the atoms so linked together may be very 
large, in some cases probablv several hiuiareds. 

6 . These carbon atoms form either open or ring-shaped 
closed chitons. 
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Gjpeti ehaim are those which hare separate constituent atoms 
at either end, as in (5). In dosed chains or rings^ on the con- 
traiy, the first and last constituent atoms are linked together 
(although there may at the same time be subsidiary branches 
from them), thus — 

A A; A Av 

\q/ \^\C5_C-C. 

7. The atoms of other elements, with the exception, of 
course, of monovalent ones, may likewise take part in the 
formation of such chains, both open and closed; for example: 

0~-Cv O— -Cv y-G— Cv 

n>‘ 

The above figures (the hexagon, &c.), which are made use 
of to represent such chains or rings, are merely meant to be 
pictorial and not geometrical; the question of the spatial 
arrangement of atoms in compounds is dealt with later. (See 
Active Valeric Acid, Chap. VI, A.) 

Homology 

In the study of carbon compounds it is customary to group 
together all the compounds with similar chemical structure 
and similar chemical properties, and to arrange the members 
of such a OToup, or homologous series as it is termed^ according 
to the order of their molecular complexity, ie, according to 
the number of carbon atoms contained in the molecule. 

For example: — 

Parafflnt. 
methane 
ethane 

0|E[g propane 
C4H10 Dut^ne 
&C. 

It is found that in any such homohaous series a number of 

g neralizations can be^drawn. Some of the more imj^rtant of 
eseare: — ^ 

1. For each homologous series we can write a gmeral for- 


Fatty aoida. 
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mda which will represent the composition of all the members 
of the series ; for example, the general formula for the paraffins 
is and for the saturated fatty acids 

2 * If any particular member in a series is selected, it is 
found to differ in composition from the member immediately 
preceding, and also from the one immediately succeeding, it by 
a definite amount, namely, CHj. Or, expressed in other words, 
any member of the series may be regarded as derived from 
the member immediately preceding it by the introduction of 
a methyl group, -OHj, for an atom of hydrogen. It follows, 
therefore, that all the members of the paraffin series may be 
regarded as derived from OH. by the addition of a given 
number of CHg groups, and tne general formula is for this 
series CH 4 + ajCHjj* simply CnHjn+a. 

3. The chemical properties of the different members of the 
series vary but slightly, so that a description of the chemical 
properties of any one member may be taken, as a rule, to 
apply to the other members. 

4. In studying the physical properties, well-marked grada 
tions are observed as the number of carbon atoms increases. 
In the case of liquids, the boiling-point is found to rise as the 
complexity of the molecule increases. In certain series, e.y. 
the paraffins, the first few members are gases, then follow 
liouids with gradually increasing boiling-points, and ultimately 
solids with extremely high boiling-points. Other physical 
data, such as melting-point, specific gravity, solubility, &c., 
are affected in very much the same manner. 

In the paraffin series the grouping together of the carbon 
atoms must be conditioned by themselves, since hydrogen, as 
a monovalent element, cannot be the cause of it. In all the 
higher hydrocarbons the carbon atoms are therefore combined 
together in the form of a chain, as shown in the following 
graphical representations : — 

0 0 

0, d, 0*0*0'0, or 0*0; and so on. 

60 d 

in O^Hft in O^H, in 

Various cases can occur in the mode of combination of the 
carbon atoms (Isomers). (See Hydrocarbons of the Methane 
Series.) 

Law ..f Even Numbers of Atoms.— The number of hydrc^n 
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atoms in the above hydrocarbons is always divisible by two. 
Should they therefore be partially replaced by other elements, 
the sum of these latter, if their valencies are expressed by odd 
numbers, e.g. Cl, N, and P, and of the remaining hy<u*ogen 
atoms taken together must, ds a necessary consequence of the 
law of equivalent proportions, remain an even number. 

Radicals 

According to Uebig, radicals were ^ups of atoms capable 
of a separate existence, which played the parts of elements, 
and, like these latter, could combine among themselves and be 
exchanged from one compound to another. 

Ijater on, the postulate that such radicals must also be 
capable of existing in the free state was allowed to lapse, and 
they were frequently defined shortly as “ the residues left un- 
attached by certain decompositions ”, 

Now, however, it is usual to designate as radicals only those 
atomic groups which are found repeating themselves in a 
comraratively large number of compounds derived from one 
anotner, and which play in these compounds the part of a 
simple element, e.g. GHg, methyl; C^gO, acetyl; by this defi- 
nition the question of their existence or non-existence in the 
free state does not arise. The radical methyl, for example, 
is not known in the free state, since, when its formation 
might be expected, ethane (dimethyl), CH, — CHg, is obtained 
instead (see p. 37). Such radicals may be mono-, di-, or tri- 
valent, &c., according to the number of monovalent atoms 
which they are capable either of replacing or of combining 
with, so as to form a saturated compound; for instance, 
ethylene, is divalent; (CjHj)'", glyceryl, trivalent; 
(CH)'', methine or methenyl, likewise trivalent, <&c. The 
monovalent residues, OaHgn+i (methyl, ethyl, &c.), which 
form the radicals of the monovalent alcohols, CnH,n^iO^ are 
frequently termed alkyh, or aJphyb, while the ^valent residues, 
G^Hgg, are known as a^lenes. 

At the present time It is also customa^ to speak of single 
atoms as radicals; e.g, we have the chloride or iodide radical, 
and further, the hydric radical which is characteristic of 
acids. ^ 
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Classification of the Hydrocarbons, ice. 


The hydrocarbons which have already been described are 
termed ** saturated” compounds, since they cannot take up 
more hydrogen. But besides these there are hydrocarbons, 
&C., poorer in hydrogen, or ‘‘unsaturated”, such as C^4, 
ethylene, and acetylene, corresponding with which there 
are numerous homologous series. 

The constitution of these is explained, as will be seen later, 
by the assumption of a double or triple bond between neigh- 
bouring carbon atoms, for instance — 

C2H4 is written CHgtCHg, 
is written CH:CH. 


From these different hydrocarbons, as starting-points, the most 
various substitution products, such as alcohols, aldehydes, 
ketones, acids, amines, &c., are derived by exchange of the 
hydrogen for halogen, oxygen, nitrogen, &c. 

To another class of hydrocarbons belongs that most impor- 
tant compound benzene, C^EL which contains eight atoms of 
hydrogen less than hexane, CqHi 4. With regard to its con- 
stitution, the theory of the existence of a closed chain of six 
carbon atoms has been advanced. (See Benzene Derivatives.) 
From benzene are derived an immense number of the most 
different homologous and analogous hydrocarbons and substi- 
tution, products, alcohols, aldehydes, acids, and so on. Thus 
benzene, like methane, is the mother substance of numerous 
or^nic compounds. 

Wliat has just been said with re^rd to benzene also holds 
good for various other compounds, wich are characterized from 
a chemical point of view by containing a closed (ring) chain. 
These are: — 

(a) Trimethylene, C3H0; Tetramethylene, OA; and Penta- 
met^lene, C5HJ3. 

(b) Pyridine, C5H5N, a strongly basic nitrogenous compound, 

but one which at the same time resembles benzene closely in 
many respects. t 

(c) Furane, (^H40; Pyrrol, C4H5N; Thiophene, O4H4S; 
Pyrazole, O0H4N2; Thiazole, OgH^S; &c. 

Some of these fatter compounds are extremely like benzene, 
others like pyridine ; several of them a{p as yet only known in 
the form of derivatives. Like benzene, thev are all mother 
substances of — ^in many cases — ^long series of compounds. 
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Organic chemistry is therefore divided into the following 
sections: — 

1. Chemistry of the Methane SerivativeB or Fatty Com- 

K nndSi or Aliphatic Compounds (from dAot<^, fat), so called 
cause the fats and many of their derivatives belong to this 
group. This section comprises all carbon compounds with 
open chains. A few compounds, which are really closed-chain 
or ring compounds, will be mentioned in this section on account 
of their close relationship to certain open-chain compounds; 

as an example, we may take succinic anhydride 

which is formed by the elimiijation of water from succinic 
acid, OH.CO.CH 2 .OH 2 -CO.OH. 

2. Cyclic or closed-chain compounds. This section is usu- 
ally divided into two sub-sectiona 

(a) Chemistry of the ca/rbocyclio compounds^ which comprises 
the study of w compounds built ^ of a ring of carbon 

atoms. As examples we have Trimethylene; 

OHgC^jj^^CH.COjH, Tetramethylene carboxylic acid; 


Benzene; &c. 


(b) Chemistry of the heterocyclic compounds^ comprising the 
study of all ring compounds which contain other atoms, in 
addition to carton atoms, as part of the ring, e,g. 


CH.CH 

CH.CH' 

Fnrana 


> 0 , 


CH.CH>^^ 
CH-CH^ * 

Thiophene 


cm 


:CH 
•CH 
Pyridine 


>N, &c. 


Physical Properties of Organic Compounds 

The physical properties of organic compounds are often of 
the greatest import^ce for their charactenzation, and physical 
data are frequently made use of in determining the punty of 
a chemical compound. ^ 

Solubility. — The carbon compounds vary enormously as 
regards their solubility in various solvents. As a rule, a 
given solvent dissolves those substances which are chemically 
closely allied to it. As example of this, we have the fact that 
water tends to dissolve hydmxylic compounds, especially if 
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there are several hydroxy mups in the molecule, s.y. 
mannitol, glucose, and pyrogmloL 

Benzene tends to dissolve most hydrocarbons, and ether 
dissolves the majority of simple organic compounds, with the 
exception of salts of acids. 

The usual method of determining the solubility of the given 
substance is to prepare a saturated solution of the substance at 
the temperature required. This is accomplished by one of two 
methods: — (a) Shaking the finely-divided solute for some time 
in contact with the solvent at the given temperature, care being 
taken that there is always some undissolved solute left over. 
{b) If the solute is more soluble in hot than in the cold solvent, 
a concentrated hot solution is prepared, and is then allowed 
to cool down to the temperature required, care being taken 
to stir the solution so that the excess of solute crystallizes 
out and a supersaturated solution is not obtained. A known 
weight or volume of the clear saturated solution is taken, and 
the solvent removed b^ evaporation, and the residual solute 
weighed. The result is usually expressed in the form 100 
grams of solvent dissolve x grams of solute at 

Specific Gravity and Specific Volume. — ^The specific gravity 
of a liquid is an important criterion for the purity of the sub- 
stance. This is usually determined in a specific-gravity bottle, 
Sprengel tube, or Pyknometer. The pyknometer is filled with 
pure water at a given temperature (usually 4® or 15®^ and 
carefully weighed. It is then dried, fillea with the liquid 
at a fixed temperature, and again weighed. The ratio 

is the specific gravity. It is usual in giving the 

specific gravity to denote the temperature at which the deter- 
mination was made, as this varies with the temperature, and 

20 * 

also the temperature of the water, e.g. denotes the 

specific gravity of the liquid at 20® compared with that of 
water at 4®. The recipro^ of the specific gravity is known 
as the specific volume^ and the product^of this and the mole- 
cular weight as the molecular volume. ^ 

Helting-Foint — Each fusible compound has a fixed definite 
melting-iMint, and this constant is often made use of in deter- 
mining &e purity of a solid, as the introduction of even small 
amounts of impui}ties lowers the melting-point considerably. 
When appreciable amounts of impurities are present^ tbp 
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melting-point is not sharp, but ranges over a number of 
degrees. The melting>point is best denned as the temperature 
at which the liquid and solid phases of the compound are in 
equilibrium. The most direct and most accurate method of 
determining the melting-point is to place a thermometer in 
the molten substance and allow it to partially solidify, and 
note the temperature at which the mercury remains constant 
when the mixed solid and liquid is stirred by the thermometer. 
As this method involves the use of a relatively large amount 
of the substance, the determination is usually made by intro- 
ducing a very small amount of the finely-divided substance 
into a narrow capillary tube closed at one end. This tube is 
then attached to a thermometer^ the substance being at the 
same level as the middle of the bulb of the thermometer, and 
the two are carefully heated in a bath of sulphuric acid. Just 
before the melting-point is reached the fiame is removed occa- 
sionally, so that the temperature rises very slowly, and the 
melting-point can be read accurately to within *5 or *25 of 
a degree. As a rule, a short thermometer is used, so that the 
whole thread of mercimy is in the bath, otherwise a correction 
has to be made for the length of the mercury thread which is 
not immersed in the hot bath. 

Boiling-Point. — The purity of a volatile substance can 
usually be determined by means of the boiling-point, i,e. the 
temperature at which the vapour pressure of the substance is 
equal to the atmospheric pressure. It is usually determined by 
placing the bulb of the thermometer in the vapour, and if a 
short thermometer is employed, and the whole of the mercury 
thread is surrounded by the vapour, no correction is required. 
In each case the barometric pressure should be stated, and also 
whether the thread of mercury was completely immersed in 
the vapour. 

Many substances which decompose when heated under 
atmospheric pressure, may be distilled without undergoing 
decomposition under reduced pressure. This is accomplished 
by attaching the flask, condenser, and receiver to a mercury 
or water pump and eiihausting. When the pressure is suffi- 
ciently reduced the substance is distilled, care being taken 
that the pressure under which the distillation occurs is mea- 
sured by means of a manometer. Als a rule, considerable 
difficulty in avoiding bumping is encountered in dikillations 
under diminished pressure; this is most readily got over by 
placing a piece of porous material (unglazed pot) in 6he liquid. 



STBAM DISTILLATION 


27 


or by slowly aspirating bubbleif of air through the boiling 
Uqaid. (Compare AmchiUz and BeilUr^ Brochure. Bonn, 
1895). 

Fractional Distillation. — ^Two miscible liquids with widely 
differing boiling-points, e.g. alcohol, 78®, and aniline, 185®, can 
be separated by the process of fractional distillation, as the 
lower boiling liquid distils over first. In all cases an inter- 
mediate fraction consisting of a mixture of the substances is 
obtained, but, as a rule, the greater the difference between the 
boiling-points of the two substances the smaller is this fraction. 
In many cases where the boiling-points are not very far re 
moved, e.g. benzene, 80®, and toluene, 111®, the two compounds 
cannot be separated by a single fractionation; it is thus cus 
tomary to collect fractions every 6® and to subject each of 
these fractions to further distillation, using the same flask foi 
distillation, and again collecting every 5®. It is then found 
that there is a large fraction boiling at 80-85° and consisting 
of nearly pure benzene, and a large fraction, 110-111®, consist 
ing of pure toluene, and a number of small fractions boiling at 
85-90®, 90-95°, &c., and consisting of mixtures of benzene and 
toluene. The process is often quickened by using some form 
of fractionating column. This consists of a long tube with 
bulbs blown on, and serves to lengthen the neck of the flask. 
The Linneman tube contains small wire -gauze cups in the 
constricted parts, and in these drops of the higher boiling 
liquid collect, and thus all the vapour has to pass through 
or be washed by these drops. The same purpose is served in 
the Glynsky tube by placing a glass ball in each constriction. 
(See S. Young, “Fractional Distillation”. London, 1903.) 

It is not always possible to separate liquids by fractional 
distillation, for example, when the boiling-points are very 
close, or when the two substances form a mixture of definite 
boiling-point. When dilute nitric acid is distilled, water first 
passes over, and then a mixture of water and nitric acid, until 
the residue in the flask is 68 per cent nitric acid, and then it 
boils constantly at 126°, since the vapour and the liquid in the 
flask have the same composition. , 

Mixtures of constant boiling-point are always characterized 
by the fact that they have a vapour pressure either higher or 
lower than that of either of the constituents, or than that of 
any oth(,r mixture of the same compounds. 

Steam Distillation. — ^This is the proc'^iss frequently resorted 
to in the separation of a compound readily volatile in steam 
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from other substances, e,g. ^ars or inorganic salts, which are 
not volatile. It consists in blowing steam through the mixture, 
and condensing the steam and vcnatile compound by means of 
a Liebig condenser. Very often the volatile compound is prac- 
tically insoluble in water, and separates as an oil or solid in 
the distillate. The rapidity with which a given substance 
distils with steam depends on the vapour pressure of the sub- 
stance at the given temperature, and also on its molecular 
weight or vapour density compared with that of water. Thus 
a mixture of nitro-benzene and water, which may be regarded 
as non-miscible liquids, boils at 99®; i.«. the vapour pressure of 
the mixture at 99® is 7 60 mm. The vapour pressure of water at 
99® is 733 mm., and therefore the partial pressure of the nitro- 


benzene is 27 mm. In a given volume of the mixed vapours 

27 * 

will consist of steam and of nitro-benzene, and the relative 
760 


weights of these volumes will be the volumes x relative den- 
sities, ^ i or, in other words, ^th 


by weight of the total distillate will consist of nitro-benzene. 

Other methods very frequently used in the purification of 
solid compounds are crystallization and fractional crystalliza- 
tion. The method employed is essentially the same as that 
made use of in purifying inorganic compounds, except that 
organic solvents, e,g, alcohol, chloroform, benzene, carbon disul- 
phide, and low-boiling petroleums, are largely used. Often 
a mixture of two solvents is more serviceable than a single 
one, e,g, substances are often crystallized by solution in warm 
alcohol and addition of water, or solution in benzene and addi- 
tion of light petroleum, until a turbidity ensues. The fact 
that a substance crystallizes from a given solvent in well- 
defined crystals does not necessarily indicate that the substance 
is a single chemical individual, as numerous examples of mixed 
crystals with definite melting-points are known, and these 
are not resolved when repeatedly crystallized from the same 
solvent. ^ 

Extraction with Et^er, Benzene, &c. — Partition Coefficient. 
— An organic compound can often be separated from other 
substances, especially inorganic salts, by shaking out with 
ether, separating the ethereal layer by means of a siparating 
funnel, drying the soKition with granular calcium chloride or 
some other suitable drying agents and removing the ether by 
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distillatioiL The method gives very good results when the 
compound to be extracted is much more soluble in ether than 
in water, and when the substances from which it is to bo 
separated are insoluble in ether. When there is no marked 
difference in the solubilities of the given compound in ether 
and in water, the extraction must be repeated a number of 
times, in some cases even twenty, since for each compound 

, . cone, of ethereal solution . . i „ 

the ratio is a constant, and is usually 

cone, of aqueous solution ’ 

termed the partition coefficient or coefficient of distribution of the 
particular substance between the two solvents. In extractions 
with ether it must be borne in mind that ether dissolves to an 
appreciable extent in water, and also water in ether. Other 
liquids, such as benzene, earbon-disulphide, chloroform, &c., 
may be used in place of ether. 

When the amount of solvent to be used is limited, it is 
more economical to extract two or three times with small 
amounts of solvent rather than only once with the whole 
amount. As an illustration. 11 grams of a substance and 
1 litre each of the non-miscible liquids, water and benzene. 
The solubility of the substance in benzene is ten times its 
solubility in water, and it has the same molecular weight in 
both solvents. 

Case L — Extracting at once with the litre of benzene, 
cone, of benzene solution 10 . , . . , , , 

cone, of water solution = T« * 

1 gram, remains in the water. 

Case IL — Extract twice with 500 c.c. of benzene. After 
first extraction, suppose x grams passes into the benzene, then 
cone, of aqueous solution is 11 — a?, and of the benzene 2a:, 

il ~ — g = -J-, or a: = 9 (approx.), and 2 grams are left 
in the water. 

After extraction with second quantity of benzene, y grams 

2y 10 

go into the benzene. Then ~ Yi or y = 1*7 

(appro:^, and onlv 0’3 gram remains^ in the aqueous solu- 
tion. Whereas, after the single extraction with a litre of 
benzene 1 gram was left. 

For ajiplications of this method in determining the relative 
strengths of acids and amines, compa?^ Farmer and Wa/tih 
(J. 0. S. 1904, ms). 



Class 1.— ALIPHATIC OR OPEN-CHAIN 
COMPOUNDS 


I. HYDEOCARBONS 

A. Saturated Hydrocarbons, 

This constitutes the simplest homologous series of carbon 
compounds, and all the saturated open-^ain compounds may 
be regarded as derived from these. 

The following list includes the more important norrml 
hydrocarbons : — 


Formula. 

Name. 

Melting- 

point. 

Boiling- 

point. 

Specific gravity. 

CH. 

0 ,H. 

Methane 

—186° 

— 160° 

0-416 at b.-p. 

Ethane 

—172^ 

-93° 

0-446 at 0° 

C,Hg 

Propane 


—46° 

0-636 at 0° 

C 4 H,, 

Butane 


+ 1 “ 

0-600 at 0 ° 

C.Hi, 

Pentane 


36-3° 

0-627 at 14° 

CM.a 

Hexane 


69° 

0-668 at 20° 

C,H,a 

Heptane 


98° 

0-683 at 20° 

L’gEia 

Octane 


126*8° 

0-702 at 20° 


Nonane 

—61° 

150° 

0*718 at 20° 

Decane 

—31° 

173° 

0*730 at 20° 

CiiH24 

XJndecane 

—26° 

196° 

0*774 at m.-p. 

CuHj, 

Dodecane 

—12° 

214° 

0*773 at m.-p. 

C!,«H» 

Tetradecane 

+4° 

262° 

0*776 at m.-p. 

C„H,4 

Hexadecane 

18° 

287° 

0776 at m.-p. 

CjoH., 

Eicosane 

37° 

206°* 

0*778 at m..p. 

^21^44 

Heneicosane 

40° 

216°* 

0*778 at m.-p. 

^23^48 

Tricosane 

48° 

234°* 

0779 at m.-p. 

C3iB1-04 

Hentriacontane 

68° 

302°* 

0*781 at m.-p. 


Pentatriacontane 

Hexacontane 

76° 

101° 

i 

331°* 



0*782 at m.-p. 


■•^nder 16 mm. pressure. 


The first members of the series, including those with about 
four atoms of carbon, are gases, which gradually bec^e more 
easily condensable as the number of carbon atoms in the mole- 
cule increases. The members which folloi^ are liquid at the 

80 
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ordinary temperature, their boiling-point risi^ v^ith increasing 
number of carbon atoms. An increase of UH 2 in the mole- 
cular formula does not necessarily denote a definite increase 
in the boiling-point. The difference in boiling-point between 
hexane and heptane is 29^ and between undecane and dode- 
cane only 19°; thus with compounds of high molecular weight 
an increase of CH 2 does not produce so marked an effect on 
the boiling-point as with sinmler compounds. The higher 
homologues, from about CigH 34 (melting-point 18°) on, are 
solid at the ordinary temperature, and their melting-point 
gradually rises up to about 100°. The highest members can be 
distilled under diminished pressure only. The methane homo- 
logues are almost or quite insoluble in water; alcohol dissolves 
the gaseous members to a slight extent, the liquid members 
easily, and the solid with gradually increasing difficulty. Their 
specific gravities at the melting-point increase with increasing 
number of carbon atoms from 0*4 up to 0*78, which is the 
maximum limit. This value is already almost reached by the 
hydrocarbon CnH 24 , so that for the higher members of the 
series the following law holds good : ^e molecular volumes 
are proportional to the molecular weights (Krafft). 

They are incapable of combining further with hydrogen or 
halogens (see p. 23), and absorb neither bromine nor sulphuric 
acid. Th^ are therefore termed the Saturated Hydro- 
carbons. Even fuming nitric acid has little or no action 
upon the lower members of the series; thus, methane is not 
attacked by a mixture of fuming nitric and sulphuric acids 
even at 150°. They are also very indifferent towards chromic 
acid and permanganate of potash in the cold,* when oxidation 
does take place, they are mostly converted directly into car- 
bonic acid. The name of “ The Paraffins ” (from parum affinis), 
which was originally applied only to the solid hydrocarbons 
from lignite, has therefore been extended to the whole homo- 
logous series. 

By the action of the halogens (Cl, Br), substitution takes 
place, the substituted hydrogen combining with an amount of 
halogen equal to that which has entere^^^ the hydrocarbon (see 
Substitution products of the Hydrocarbons); 

CH3H -f aa = CH,a + na 

As ths number of carbon atoms increases, the percentage 
composition of these hydrocarbons approaches a definite limit, 

* With ei^oeption of oompoonds oontaining the grouping 
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viz. that of the hydrocarbons, or CH,, as is shown by 

the following table: — 


Per 

cent. 

CH 4 

0 ,H, 

O.H. 

CA. 

OiiHa4 

CaHrt 

CsiHfio 

0 «H„ 

Limit 

Value, 

C.H^ 

C 

H 

» 



81-82 

18-18 

83-72 

16-28 

84-60 

16-40 

85-16 

14-84 

85-21 

14-79 

85-36 

14-64 

85-71 

14-29 


It is therefore impossible to distinguish by elementary 
analysis between two of the neighbouring higher homologues, 
C22 and €34, €34 and Cgo; the only reliable data here are 
the methods of formation from compounds in which the 
number of carbon atoms in the molecule is already known, 
and the melting-points. 

Isomers . — Only one representative each of the formulsa 
CH4, CjH-, and CoHo is known, but of there are two, 

of three, and of CgHi4 already five isomers, and most of 

the higner hydrocarbons are known in various isomeric forms. 
From this the conclusion is drawn that in these different 
isomers the carbon atoms are differently combined, in the one 
case in a straight line without branching, like the links of a 
chain; in the other, with the formation of a branching chain. 
(This is of course not to be taken as meaning that they ar« 
grouped together in space in straight lines.) Thus: — 

C.C.C.C.C, or g>C<C or C*C* < 

The first of these hydrocarbons, with a non-branching chain, 
are termed the normal hydrocarbons; the last, the iso-hydro- 
carbons. 

The principles by which such constitutional formulae are 
arrived at will be explained under Butane and Pentane, 

Only those homologues are comparable whose constitutions 
are similar, as in the case of the normal hydrocarbons. 

Occurrence . — The hydrocarbons of the paraffin series occur 
naturally in great variety. Thus, methane is exhaled from 
the eartn’s crust, as ** fire-damp” and as marsh-gas. The next 
higher homologues are found dissolved in petrolenpi, which 
also contains the higher hydrocarbons in large amount. Solid 
hydrocarbons occur as ozokerite or earth-^ax. By the frac- 
tional distillation of petroleum a large number of ^hese copi- 
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pounds have been isolated. Hef>tane and hexadecane are also 
found in the vegetable kingdom. 

Modes of formaiion. — A. v arious members of this series are 
obtained by the distillation of lignite (Boghead, Cannel coal), 
wood, bituminous shale, and, in very much smaller quantity, 
from pit coal. Paraffins are also obtained by dissolving car- 
bide of iron in acids, and b^ heating wood, lignite, and coal, 
but not graphite, with hydnodic acid. 

B. From substances containing an equal number of carbon 
atoms in the molecule. 

1. From the alkyl halides,* CnH^+iX, and, generally 
speaking, from the substitution products of the hydrocarbons 
by exchange of the halogen for hydrogen (inverse substitu- 
tion). This is effected by the action of reducing agents, tha^ 
is, agents which give rise to nascent hydrogen. Some of the 
commoner reducing agents employed for such purposes are 
sodium amalgam and water, zinc and a dilute acid, zinc and 
water at 160^ the copper-zinc couple in presence of water 
and alcohol (Giadstone-iHbe), aluminium- or magnesium-amal- 
gam and alcohol, and one of the most vigorous reducing agents, 
concentrated hydriodic acid at high temperatures, especially 
in contact with red phosphorus, which serves to continually 
renew the hydrogen iodide. (See Chap. XLIV, Reduction.) 

2. From monohydric alcohols, OnHan+i*OH, polyhydric alco 
hols, CnH 5 n(OH) 2 , CnHto-i(OH) 3 , &c., also from aldehydes, 
OnHjn+i*CHO, ketones, CnHjn+i-CO'CnHan+i, and other com 
pounds containing oxygen, % heating with hydriodic acid 
and red phosphorus at relatively high temperatures. In all 
these reactions the oxygen is ultimately removed as water. 

3. From hydrocarbons poorer in hydrogen, i,e. unsaturated 
hydrocarbons (se^i these), by the addition of hydrogen; e.g. 
ethane from ethylene or acetylene and hydrogen, either in 
presence of platinum black or finely-divided nickel or by heat- 
ing the mixture of gases to 400^-500®. Also by heating with 
hydriodic acid {Krafft\ or by addition of halogen or halogen 
hydride, and exchange of the halogen for hydrogen, according 
to 1. Thus: — 


B4 + 


» + 2 


= CaHe, 


HBr = CjHjBr, 
\C,H4Br + 2H = CjH^ + HBr. 


* The monovalent residues, OaHm-i-b meth.^ ethyl, &c., which are at the 
same time the radicals of the monohydric aloohols, OnHn4.iOH, are fre- 
quently termed alkyl groups, 

(ii4S0) 3 
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4. By decomposing the organo-zinc compounds (2dnc-alkyls) 
with water (Frankland ) — 

ZniPJE^ + 2 H,0 = Zn(OH), + 2 0^- 

Or more readily by decon^sing Gri^nard’s or^no-magnesium 
compounds with water. Thus ethyl iodide ana mamesium, in 

S resence of dry ether, yield ethyl mamesium iocude, C3H5* 
Ig*I, and this with water evolves ethane: 

C. From acids containing more carbon, with separation of 
carbon dioxide. Thus, by heating acetate of calcium with 
soda-lime, methane and carbonic acid are formed: 
(CH3C00)jCa + Ca(OH), = 2CH4 + 2CaC08. 

In the case of the acids of higher molecular weight, this 
separation of carbonic acid is conveniently effected by heating 
with sodium ethoxide. 

D. By the combination of two radicals containing a smaller 
number of carbon atoms. 

1. By the action of \»odium upon the alkyl iodides in ethereal 
solution (fFurtz); or by heating with zinc in a sealed tube 
(Franklam): 

2CH8I + 2Na = CaHe + 2NaI. 

By this method also two different radicals can be combined, 
e.g. + O4HJ give CoH^ + ethyl-butyl 

(JVurts^s “Mixed Eadicals”). 

2. By the electrolysis of solutions of the potassium salts of 
fatty acids {Kolbe, 1848). The anions, for example, CHg-COO, 
when discharged at the anode, break up into GHg and COg, 
and two of the GHg groups immediately combine to form a 
molecule, CHg* CHo, viz. ethane. The hydrogen is here evolved 
at the cathode, and the hydrocarbon at the anode; the carbon 
dioxide is to a large extent retained in the solution. 

Methane, CH4 (Fbto, 1778). Occurrence.— As an exhalation 
from the earth’s crust, more especially at Baku in the neigh- 
bourhood of the Caspian Sea (the “Holy Fire” of Baku); from 
the large gas wells atJPittsburg, in North America, and in 
numerous other places;^ in the exhalations from mud volcanoes, 
for instance at Bulganak in the Crimea, where the gas is almost 
pure methane {Bunsen ) ; and as pit gas or “fire-damp” it) mines, 
Ijfhere, when mixed with air, it is apt to cause explosions. 

^ marsh-^, together w^th ca^^ ui^rogen, 
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hy the decomposition of organic substances under water; 
further, by the fermentation of cellulose, e,g, by river mud, 
by means of Schizomycetes (fission-fungi). It is also found 
in rock-salt (the Knistersalz of Wieliczka), and in the human 
intestinal gases (up to 57 per cent CH^ after eating pulse). 

The illuminating gas obtained by the destructive distillation 
of coal contains about 40 per cent methane. 

Modes of preparation. — 1. Methane is formed synthetically by 
the direct union of carbon and hydrogen. Pure sugar carbon 
freed from all traces of hydrogen by treatment with chlorine 
is heated in a current of dry hydrogen in a porcelain tube, and 
the issuing gas is found to contain 1 per cent of methane 
(Bom and Jerdan, J. C. S., 1897, 41; 1901, 1042; Bring, 1910, 
489; Bring and Fairlie, 1911, 1796; 1912, 91); and is also 
formed by the decomposition of ethane, ethylene, and acety- 
lene at moderate temperatures (Bone and Coward, 1908, 1197). 

2. By the catalytic reduction of carbon monoxide or dioxide 
by hydrogen in the presence of reduced nickel at 200-250° 
(Sabatier and Senderens): 

CO + 3H2 = CH4-f HgO and CO2 + 4H2 = CH^-f 2HjO. 

3. By leading sulphuretted hydrogen and carbon bisulphide 
vapour over red-hot copper (Berthmt); CSg + SHgS + 8Cu 
= CH4 4 CU2S. 

4. By passing carbon monoxide and steam over certain 
heated metals or metallic oxides (Vignon, C. E., 1913, 167, 131). 

5. It is usually prepared by heating anhydrous sodic acetate 
with baryta, or even with soda-lime (p. 34); by-products are 
ethylene, CgH^, and hydrogen (up to 8 per cent). 

6. Another method is from aluminium carbide and water, 
and removing the acetylene and hydrogen (J. C. S., 1913, 
103, 1292). 

7. Pure methane is obtained from magnesium methyl iodide 
and water, CHg.Mg.I + H-OH = CH^ + OH.Mg.I; also 
(see B. 1) by the reduction of methyl iodide, CH3I, e.g, in 
alcoholic solution by means of zinc in the presence of pre- 
cipitated copper (the Gladstone-Tribe Copper-zinc Couple”); 
also by the inverse substitution of ChTClg, or CCI4. 

Broperties (for summary, see J. ph. Chem., 1918, 22, 
529). — It is a gas with a density = 8 (H = 1), and is 
condensed under a pressure of 140 atmospheres at 0°. It 
boils at —164°, and solidifies at —186°.' Absorption coefBcient 
in cold water aboht 0*05, in cold alcohol 0*5. It burns with a 
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pale and only faintly luminous iBame, yielding carbon dioxide 
and water, and when mixed with air or oxygen in certain pro> 
portions forms an explosive mixture. It is decomposed by the 
electric spark into its elements, and a similar decomposition 
occurs when the gas is led through a red-hot tube; but there 
are formed at the same time CoH^ C2H4, C2H2, and, in smaller 
Quantity, CgHg, benzene, CjqHs, naphthalene, and other pro- 
aucts. The first three hydrocarbons just mentioned, ethane, 
i^c., behave similarly. 

Combustion of hydrocarbons. — When methane and hydro- 
carbons generally are burnt or exploded with excess of air or 
oxygen, the final products are carbon dioxide and water vapour, 
and the reaction is generally represented, e.y., by the equation 
CH4 + 2 O2 = CO2 4; 2 HgO. This undoubtedly represents 
the final products which are formed, and also their relative 
amounts, but does not give an idea of the mechanism of com- 
bustion. Numerous investigators have conducted experiments 
on combustion, especially on combustion in the presence of 
limited amounts of oxygen. The conclusion was first drawn 
that with a defective supply of oxygen the hydrogen is oxi- 
dized in preference to the carbon. Somewhat later, Kmten 
(1861) suggested the preferential burning of the carbon, since 
when ethylene is exploded with its own volume of oxygen, 
carbon monoxide and hydrogen are the chief products. (Cf. 
SmUhslls, J. C. S. 1892, 61, 220.) 

The recent work of JSone and others on the slow combustion 


of methane, ethane, ethylene, and acetylene (J. C. S. 1902, 635; 
1903, 1074; 1904, 693, 1637; Proc. 1906, 220; B. A. Eeport, 
1910, 469), shows that by passing a mixture of methane and 
oxygen in a continuous stream through a tube filled with 
porous material (pot or magnesia), at a fixed temperature 
between 360® and 500®, appreciable amounts of formaldehyde 
are obtained. Gaseous products are also obtained, but these 
are probably due to secondary reactions, e,g. either the further 
oxiaation of the aldehyde to carbon monoxide, carbon dioxide 
and steam, or the thermal decomposition of the aldehyde into 
carbon monoxide and hydrogen. Thus: — 


OH.fOH). 


0H,;O+H 


.oC^ 


^00 •+■ -f* HfO 

Thermal decomposition 

4. H,0 

^ Oxidation 


OO9 + H^O 

Thermal daoom|mition. 
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By the expression thermal decomposition is meant tht.t at the 
temperature mentioned the aldehyde is unstable, and imme- 
diately decomposes into the simpler products, CO and H 2 . 

Ethane behaves similarly, and the reactions can be repre- 
sented by the following scheme: — 

CHg-CH, CH8-CH(0H), — CH3.CH:0 + H,0 — 

Oj Of 

OH.CHf.OOfH 

I 

CHjtO + CX) + H,0. 

Secondary reactions are the thermal decompositions of the 
formaldehyde into CO and Hg, and of the acetaldehyde into 
CH 4 and GO. In reality some 80 per cent of the ethane can 
be collected as formaldehyde. With ethylene the reactions 
are probably — 

CHfiCHf — OH.CH:CH.OH — 2CHf:0 H.OOfH — ► 

Of 0 0 

OH.CO.OH, 

and the thermal decomposition products of the formaldehyde, 
formic acid, and carbonic acid, viz. Hg, CO, COg, HgO. 

It is thus obvious that at the temperatures mentioned (350- 
500°) combustion consists primarily in the addition of oxygen 
and the production of hydroxylic compounds, which then yield 
aldehydes. It is highly probable that reactions of a similar 
nature occur during explosive combination ana detonation at 
high temperatures (B. A. Report, 1910, 492). 

Iiihane, CgH^ occurs in crude petroleum and constitutes 
the gas of the Delamater gas well in Pittsburg, and is there 
utilized for technical purposes. 

Preparation , — By the electrolysis of acetic acid {Kolbe, 1 848), 
and therefore formerly called “ methyl ” since it was supposed 
to be CHg j subsequent molecular-weight determinations proved 
it to have the double formula CgHg. It is also obtained from 
ethyl iodide, alcohol, and zinc dust, or from zinc ethyl {Frank- 
land)i hence the name “ethyl hydride”. “Ethyl hydride” and 
“ methyl ”, which were formerly supposed by FrarMand and 
Kolbe to be different substances, were proved to be identical by 
Schorlmmer in 1863 by their conversion into C 3 H 5 CI, which 
xn&y be prepared from both in exactly the same way. 

It is a gas which can be condens^ under a pressure of 
46 atmospheres at^ 4°, and is somewhat more soluble than 
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methane in water and alcrhoL It bums with a fidntljr- 
luminous flame. 

Propane, OSH3, and the two butanes, O4H101 are also g^eous 
at the ordinary temperature, and are present to a certain ex- 
tent in crude petroleum. 

Theoretically propane can exist in only one form, rei>resented 
by the constitutional formula CH3*CH2«CH3, as this is the 
only manner in which three carbon and eight hydrogen atoms 
can be grouped up if we assume that the carbon atoms are 
tetravalent and the hydrogen atoms monovalent. 

ISOMERISM, NOMBNOLATURE, CONSTITUTION 

To determine whether the next homolo^e, can 

theoretically exist in more than one modification, we can start 

a 6 a 

with propane, CHg-CHg-GHj, and replace one of the eight hy- 
drogen atoms by a methyl group. It is obvious that we can 
obtain two distinct compounds according to whether we re- 

E lace one of the six terminal hydrogens (a) or one of the central 
ydrogens {/ 3 ). The two compounds would have the respective 
formuise 

CHj.CHj.CHj.CH, and ^>CH.CH* 

and are known as normal butane and iso-butane (or trimethyl 
methane). 

Two compounds having the formula are actually 

known, and their constitutional formulas derived from their 
methods of formation agree with the two formulae CHg-CHo* 
CHg'CHg and (0113)2 ruH-CHg, as the i^compound mw be 
obtained by the action of zinc on ethyl iodide, CIL'UHJ, 
and the ta(i-compound by the reduction of tertiary butyl iodide, 
(CHo)2:CI.OH8. 

All the succeeding hydrocarbons can, according to theory, 
exist in various isomeric modifications. The num^r of modi 
fications possible can be derived in exactly the same mannei 
as already described f^r the butanes. 

Aa an example, take the hydrocarbons the pentanes. 

a B B a 

Starting with n-butane, CHs^GHg^GHg^GHs, and replacing 
one H atom by a GHg group, we can get either ^ 

(1) or (8) CHj.CH,.CH<^ 
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according as we replace an H atom in the a or P position. 
Starting from iso-butane, 

ctJ>ch-ch„ 

we can similarly get 

( 3 ) or ( 4 ) 

but formulsB ( 2 ) and ( 3 ) are identical, and the three isomerides 
possible are therefore CHj.CHa-CH^.CH^.CH., (CH3)2:CH. 
CHo^CHs and (CH8)2:0:(CH8)2. Of hyarocarbons with six 
carbon atoms, five isomers are possible, and they are all known.^ 
Of the nine possible heptanes, C7H18, the existence of five has 
already been proved. 

The number of theoretically possible isomers increases very 
rapidly with the number of carbon atoms, so that, according to 
Cayley^ 802 isomeric hydrocarbons of the formula are 

possible. 

Of these isomers only one can be normal, i.e. can have a 
single chain of carbon atoms, in which each of the two terminal 
caroon atoms is combined with three atoms of hydrogen, and 
all the middle ones with two, according to the formula, CHg* 
(0H2)„.CH8. 

A convenient NomendoUure for the more complicated paraflBns 
is arrived at by making methane the starting-point for all of 
them, that carbon atom from which the branching chain ema- 
nates being considered as originally belonging to CH^, in which 
the hydrogen atoms are supposed to be wholly or partially re* 
placed by nydrocarbon radicals, thus: — 

CH8*CH2'CH<^^* = dimethyl-ethyl-methane. 

The names of the well-known lower hydrocarbon radicals 
(alkyls) are also frequentlv used as a basis; for instance, the 
OToup (CH8)2CH is termed isopropyl (gee Isopropyl Alcohol), 
heuce the compounds: ^ 

^P>CH«CH2’^8* cthyl-isopropyL 

' di-isqpropyL 

The bliHng-points of the nomal hjdrocarhons are «lvaja 
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higher than those of the isomers; indeed the boiling-point 
becomes lowered continuously the more the carbon atom chain 
is branched, ie. the more methyl groups are gathered together 
in the molecule. 

The Constitution of the higher paraffins can in most cases only 
be arrived at with certainty from their synthetical formation 
{e.g. normal butane and hexane), or from their chemical rela- 
tion to oxygenated derivatives whose constitution is already 
known, especially to the ketones and acids. (See Ketones.) 

If, for instance, by the action of PCI5 upon acetone, for 
which the constitution CHg-CO-CHg is proved, the substance 
CHg'CCl^'CHg (acetone chloride) be formed, and this be then 
treated with zinc methyl, the resulting hydrocarbon, a pentane 
will have the constitution (CH8)4C: 

(CHa)8:CCl, + Zn(CH3)j = ZnClg + (CHg)g:C:(CHg)g. 

As a second example, we have T^hexane, which can be ob- 
tained by the action of metals upon 7i-propyl iodide, as repre- 
sented by the equation : 

The system of nomenclature suggested by the International 
Congress at Geneva is as follows: — The normal paraffins re- 
tain their present names. Thus hexane means the compound 
CHg* (0113)4 -CHg. In the case of those with branching chains 
the longest normal chain gives the name, the branches being 
regarded as substituents, and the position of substitution being 
indicated by the successive numbering of the atoms of the 
carbon chain (the carbon atom which is nearest to the point 
of ramification is numbered 1; should there be more than one 
branching — say, a longer and a shorter — then No. 1 begins 
with the end carbon atom which stands nearest to the shorter 
branching). Trimethyl-methane is therefore called 2-methyl- 
propane; dimethyl-ethyl-methane, 2-methyl-butane; and tetra- 
me&yl-methane, 2 : 2-dimethyl-propane. 

The following pai^ffins have been obtained from crude 
petroleum: n- and ts|^pentane, n-hexane and an isomer, and 
n-heptane, all these being p^^esent in the so-called ** gasoline ”, 
which is obtained by the distillation of petroleum, and is used 
for carburetting coal-gas; further, normal Heptane, 7\;Octane,* 
a-Nonane, and a-Deoane, besides an isomer of each, and in 

* The petroleum ether and ligroln of commerce chnsist prin^pally of the 
hydrocarbons CgHu, and CsHit. 
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addition to these (as also from the distillation of cannel and 
Boghead coal), a large number of the higher hydrocarbons. 
In all probability these products are not chemical individuals, 
but mixtures of homologues and isomers standing very near to 
each other, as is shown by a comparison with me aitificially' 
prepared normal hydrocarbons. 

F. Krafft has prepared those normal hydrocarbons from 
CjiH 24 to which are mentioned in tne table on p. 30 , 

from the acids 0,4, and C^g of the acetic acid series 
(see these), for which tne normal constitution, i.e. non-branching 
carbon chain, has been demonstrated ; and also from the ketones, 
CnHjnO, which are obtained by subjecting the barium salts of 
these acids to dry distillation, either alone or together with 
acetate or heptoate of calcium, and which, as a consequence of* 
their mode of formation, yield normal hydrocarbons. (See 
Ketones.) Krafft has further isolated the normal hydro- 
carbons to C/23H4g, also C24Hg0, C2^Hg4, and CggH^ by 

subjecting the paraffin obtained from lignite to fractional dis- 
tillation in vacuo. 


These are, from about Cj^8H84 (m.-pt. 18 °) on, solid at the 
ordinary temperature. Wnen distilled under atmospheric 
pressure the higher hydrocarbons partially decompose into 
lower ones of the formulae CnH2,+, and 0^11^; hut they 
may be distilled under reduced pressure. (See Table.) 

Mineral Oils , — Petroleum and similar products obtained by 
heating bituminous shale are usually termed mineral oils, in 
order to differentiate them from vegetable and animal oils, 
from which they differ in composition. 

In many parts of the earth’s surface oil rises in the form of 
springs when bore-holes are made into sand or conglomerate, 
and ^e product is the crude petroleum of commerce. Such 
wells or springs were first discovered in 1859 in Pennsylvania, 
and since then similar sources have been utilized in the 


Caspian Sea district (Baku), in Galicia, Boumania, Burma, 
Assam, Borneo, and South Persia, and in smaller quantities 
in other parts. In America the oil is accompanied by natural 
gas consisting largely of the lower paraffin hydrocarbons, and 
can be used as gaseous fuel. The crude petroleum cannot be 
used as such, and has to be subjected to a process of fractional 
distillatmn and retining by means of sulphuric acid and caustic 
soda. As a rule, the crude oil is carriq^ long distances to the 
refining factory, usually in iron pipes 4-8 inches diameter. The 
pipe lines is frequently several hundred miles long, in stages 
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of 60 miles, with tanks at intervals. The object of the refining 
is to obtain products of commercial importance and to remove 
impurities which would affect the values of the fractions, such 
as tarrv or resinous substances and sulphur. 

In the American industry a great variety of products is 
thus obtained, to which different names are given. 

B.P. Amount 

a tnoffene 0°' 

igoTine ... 18° 

Gasoline 14-90° 16 6 per cent. 

Ligroin 90-120° 

Benzene or Benzoline ... 1 20-1 50°^ 

Kerosene 160-300° 64*0 „ 

Lubricating oil 17*6 „ 

Vaseline \ p.n 

Paraffin wax, m.p 46-66°/ ** 

Cymogene is compressed and liquefied, and can be used for 
ice manufacture. Khigoline is used in medicine as a local 
anassthetic. The next three fractions are used for extracting 
oils and fats and for dry cleaning. The ordinary petrol used 
in internal-combustion engines usually boils at 70-140®, but 
at the present time contains less low-boiling constituents than 
formerly. The kerosene required for illuminating purposes 
should be water-white, and should not have too low a “ flash 
point’'. Crude kerosenes and lubricating oils are used for 
making ‘‘oil -gas”, small installations of which are used in 
place of coal-gas. The higher fractions are used as lubricants, 
and have the advantage over vegetable-oil lubricants; they 
are chemically inactive, whereas vegetable oils can undergo 
hydrolysis, and give rise to fatty acids which may have a 
corroding action on the machinery. These higher oils are also 
used as fuels; when blown through a nozzle, or “atomizer”, 
in the form of a fine spray they can be burnt under boilers for 
generating steam, or they may be used in Diesel engines. 

The oils are used to such a large extent that the American 
oil-fields are gradually ^ being worked out in much the same 
manner as the coal-flefils of Britain. 

When the oil-wells were first started the chief commercial 

J >roduct was the kerosene, or burning oil, and thf lower 
ractions were largely waste products; the introduction of the 
internal-combustion engine in automobiles apd aeroplanes has 
created an enormous demand for petrol, and at th# present 
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time the supply can scarcely meet this demand, and other 
materials have been introduced, one of the most important of 
which is alcohol. The demand for petrol has also led to the 
introduction of methods of breaking up the heavier oils by 
the process of cracking. 

This consists in subjecting the oils to high temperatures, 
usually under increased pressure, and numerous patents have 
been taken out. The products vary with the temperature, 
rate of flow of the oil, construction of the retort, e,g. presence 
of baffle plates and the pressure in the retort. Attempts to 
crack the higher oil by catalytic agents, such as aluminium 
chloride, have been tried. In the process of cracking “aro- 
matic hydrocarbons of the benzene series are often formed. 
Cf. Lomas^ Dunstan and Tholcy J. Inst. Petr. Tech., 1914, 1, 147. 

Composiiion of Natural Petroleum, — The American oil consists 
mainly of paraffin hydrocarbons, e,g, gasolene is largely pentane 
and hexane, and kerosene contains hydrocarbons from 
to Ci^Ho.. Eussian petroleum, on the other hand, contains 
apprecialne amounts of polymethylene hydrocarbons or naph- 
thenes (Chap. XVI) and of acids derived from them, and 
gives small yields of low-boiling fractions. Borneo oil con- 
tains appreciable amounts of aromatic hydrocarbons, e,g. ben- 
zene and toluene, &c., and Burma oil is rich in wax. 

Origin of Petroleum, — One view is that the oil is formed by 
the action of steam on carbides of iron and other metals under 
considerable pressure in the lower portion of the crust of the 
earth (Menddieff), A more modern view is that the oil is a 
product of decomposition of animal or vegetable organisms 
(Engler, C. Z., 1906, II, 1017; compare KishneVy J. russ., 
1914, 46, 1428), and this view is supported by the fact that 
many paraffin oils have a low-optical activity, due probably to 
the presence of optically active poly naphthenes (C. Zeit, 1913, 
37, 650). 

The total output of crude petroleum for 1911 was estimated 
at 46 A million metric tons, of which 63 ’8 per cent came from 
the if.S.A. and 19*2 per cent from Eusdta. 

Shale Oil, — Large quantities of shale 6il are distilled in con- 
tinuous retorts in Scotland, and products analogous to those 
derived from crude petroleum are obtained, and from low- 
grade cannel coals or brown coals at Auitable temperatures 
similar products aye formed. Such oils differ entirely from 
the oils obtained ^m coal in the process of manufacturing 
coke or coal-gas. (Cf. Chap. XYII, Coal Tar.) 
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In the manufacture of shale and brown coal oils, appreciable 
amounts of ammonia are produced. A shale containing 73-80 
per cent of mineral matter, yields about 20 gall, of crude oil 
and 44 lb. of ammonium sulphate per ton of imale. 

Faraffin-Wax, obtained by Reichenbach in 1830 from wood- 
tar, is got by the distillation of lignite or peat. It also is a 
mixture of many hydrocarbons, about 40 per cent of it con- 
sisting of the compounds C22H4., Cg^so, and 

Li^id Paraffin (ReichenoaMs “Eupion”) and the butter- 
like Vaseline are high-boiling distillation products of lignite 
or petroleum, and the same applies to many lubricating oils. 
Vaseline is also obtained by decolorizing the residues obtained 
in distilling crude petroleum. 

Ozokerite, green, brown, and red, and of the consistency of 
wax, melting-point 60-80°, is a natural paraffin found at 
Boryslaw in Galicia, at Tscheleken near Baku, on the Caspian 
Sea, and forms the ceresine of commerce when bleached. 

Asphalt, or Earth Fitch, found in India, Trinidad, Java, 
and Cuba, is a transformation product of the higher-boiling 
mineral-oils, produced by the action of the oxygen of the air 
just as paraffin absorbs oxygen and becomes brown upon pro- 
longed heating in the air. It is used for cements ana salves, 
and in asphalting, photo-lithography, &c. 

B. Olefines or Hydrocarbons of the Ethylene 
Series (Alkylenes): 

There are two series of hydrocarbons of the general formula 
GJtltaf the members of which diffier from the corresponding 
parai^s by containing two atoms of hydrogen less in the 
molecule. The one series is that of the Olefines, of which 
ethylene, C^H4, is the first member; the other is that which 
contains Trimethylene, Tetramethylene, Hexamethylene, &c. 
(Cf. Chap. XVI, Poly methylenes.) 

The properties exhibited by these two series are so different 
that different constitutions must be accorded to them. The 
olefines form additive compounds with exceptional facility, 
being thus converted into the paraffins or their derivatives; 
from this the conclusion is drawn that, like the latter, they 
contain an open caiibon chain. 

The names given to the hydrocarbons ^are similar to those 
for the paraffins, exe^ that the termination am is leplaced by 
ene^ or often by fflene. 
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SUMMABY 




Melting-point. 

Boiling-point 

Ethylene 


-169® 

-103® 

Propylene 

C.H. 


—48® 

Butylene (3) 

CAj/S 


1 + 

Amylene (5) 



+39® 

Hexylene 



68® 

Heptylene 

^Hi4 


95® 

Octylene 

CgHjg 


124® 

Nonylene 



ISS’ 

Decylene 


172® 

XJndecylene 



195® 

Dodecylene 

r TT 

-31® 

{96®+ 

Tridecylene 

Tetradecylene 

CisHje 


233® 

CmH* 

-12® 

{127® 

Pentadecylene 

C..Hao 


247® 

Hexadecylene (Cetene).. 

C 10 H 32 

+4® 

J 274® 
1{166® 

Octadecylene 

Eicosylene 

^20“40 

18® 

{179® 

Cerotene 

CstHm 

58® 


Melene 


62® 



The general formula for this series indicates that each 
member differs from the corresponding member of the paraffins 
by two hydrogen atoms. 

In their physical properties they resemble the methane 
homologues very closely. O2H4, CgH^ and C^Hg are ^es, 
C5H1Q a volatile liquid, the higher members liquids with rising 
boiling-point and mminishing mobility, while the highest are 
solid and similar to paraffins. The boiling-points of members 
of both series containing the same number of carbon atoms, 
and whose constitutions are compai|tble, lie very close together, 
but the melting-points of the olefir^s are somewhat the lower 
of the two; e.^. OjgH84, m.-pt. 21®, b.-pt. {157®, and C^gHgg, 
m.-pt. 4®, b.-pt. {155®. 

* The melting- and boiling-points givetf from 0|H]» on, are those of the 
normal hydrocar^ns. 

{%ignifies boiling-point under 15 mm. pressure. 
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Most of the olefines are readily soluble in alcohol and ether, 
but insoluble in water, only tne lower members dissolving 
slightly in the latter. The specific gravities of the normsu 
olefines, determined at the melting-points, rise from about 0*63 
upwards, and approach with increasing carbon to a definite 
limit, viz. about 0*79. 

The chemical properties of the olefines are quite different 
from those of the paraffins. The latter are comparatively 
inert; they are not readily oxidized, and do not form additive 
compounds, but can yield substitution products with halogens. 
The olefines, on the other hand, are chemically reactive. They 
are unsatur^ed^ Le, they can form additive compounds with 
elements or compounds without a fission of their molecules 
(cf. Chap. L, A., Unsaturation), and are readily oxidized. 
These characteristic chemical properties are usually attributed 
to the presence of a double bond or linking between two carbon 
atoms, and this is usually termed an olefine linking, e g, 

(a) Additive reactions, — They all combine with Hg, Clg, Brg, 
HI, HCIO, HBrO, N 2 O 4 , H 2 SO 4 (fuming), yielding paraffin 
hydrocarbons or their derivatives: 

C2H4+2H = C2H6. C2H4+Cla = C2H4Cl2. C2H4+HI = C2H6L 

In all these reactions the double-linking characteristic of the 
olefines becomes replaced by a single bond, and two monovalent 
groups or atoms become attachea to the carbon atoms which 
were previously united by the double bond. It follows that 
a dibromide formed from an olefine and bromine will always 
have the two bromine atoms attached to adjacent carbon 
atoms. (Cf. Chap. XVI, Poly methylene Derivatives.) 

CHa-CH : CHg — CHs.CHBr.CHjBr. 

Addition of hydrogen can be effected in a variety of different 
ways, e,g, (a) by the use of reducing agents, i,e, the addition of 
nascent hydrogen; sodiuip amalgam and water are sometimes 
used for this purpose; ( 6 ) by passing hydrogen gas into the 
hydrocarbon in the presence of platinum black or colloidal 
paladium, which act as catalysts; (c) by passing a mixture of 
the vapour of the hydrocarbon and of hydrogen over finely- 
divided nickel; (d) heating with hydriodic acid (cone.) and 
phosphorus. • 

Cluorine combines most readily of the halogens and iodine 
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least readily; on the other hand, HI adds on more easily than 
HBr, and this more readily than HGl. It is obvious that when 
the two addenda are different, e.g. HCl, i,e, H and Cl or HCIO, 
i,e, HO and Cl, and the hydrocarbon is not symmetrical in 
structure that, theoretically, the addition can take place in 
two different ways. In reality, it is found that in the majority 
of cases the addition of halogen hydride is such that the 
halogen attaches itself to the carbon atom which is united 
to the smaller number of hydrogen atoms*: 

CHj-CH : CHj + HI = CH 3 .CHI.CH 2 , not CH 3 .CHa.CH 2 I. 

When aqueous solutions of bromine are used the reaction 
is not simply the addition of bromine and the formation of 
a dibromide. Part of the bromine reacts with water, forming 
hypobromous acid, which adds on to the olefine, yielding a 
bromo-derivative of an alcohol: 

CHa:CHa + Br 2 *= CHaBr.CHnBr and CH 2 ;CH 2 + HBrO 
= (SEgBr.CHa-OH. 

(Cf. Reid and William^ J. C. S., 1917, 111, 240; Biilmany Rec. 
Trav., 1917, 36, 313.) The addition of sodium bromide alters 
the equilibrium Brg + HgO = HBr + HBrO by favouring 
the reverse reaction, and hence increases the amount of dibromide 
formed. 

The reaction with sulphuric acid (concentrated or fuming) 
is complex. (Cf. Brooks and Humphreys^ J. Am. C. S., 1918, 
40, 822.) The products are polymerized olefines, alkyl hydro- 
gen sulphates formed by the addition of H and O-SOg-OH to 
the hydrocarbon, and alcohols: 

CH 2 : CHg — CH 3 . CHg . O . SO 2 . OH. Ethyl hydrogen sulphate 

The tendency to form sulphates increases from ethylene to 
amylene, and then diminishes. 

{b) They readily polymerize, especially in presence of sul- 
phuric acid or zinc chloride. Thus amylene, CgH^Q, in presence 
of sulphuric acid yields the polymers CjnHgo, C^Hg^, and C^H^. 

{c) Unlike the paraffins, they are reaaily oxidized by KMnQ^ 
or CrOj! but not by cold HNUg. 

In this reaction, two hydroxyl groups are added to the 
• 

•OLlAohad, J. pr. 1888, [ii] 37, 524; 1903, 68 , 487; B. 1906, 89 , 2188. 
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molecule of the olefine if a dilute (1 per cent) solution of per- 
manganate is used, and a dihydric alcohol (a glycol) is formed. 

CHa : CHa — OH-CHa-CHa-OH. 

But if stronger solutions are used, or if chromic anhydride is 
employed, the molecule of the olefine is ruptured at the point 
where the double bond exists and a mixture of simpler acids 
or ketones is obtained. The readiness with which olefine 
compounds discharge the colour of acidified permanganate is 
frequently made use of as a qualitative test for such com- 
pounds, but is given by numerous other compounds, in fact 
bv any organic compound which is readily oxidized, e.g, an 
aldehyde, an amine or a phenol. 

* Nomenclature . — Ethylene was first prepared by four Dutch 
chemists, who observed that it formed an oil with chlorine, 
hence they termed ethylene olefiant gas, and the name olefine 
has been given to the whole series of hydrocarbons. 

The official names for the various olefines, as suggested by 
the Geneva Congress, are formed by replacing the last syllable 
*‘ane” of the paraflins by “ene”. The position of the double 
bond is denoted by the number of the carbon atom from which 
it proceeds. In a branching chain the numbering is the same 
as in the case of the corresponding saturated hydrocarbons; 
in a normal chain it begins at the end carbon atom which is 
nearest to the double bond. 

The following examples illustrate this system : 

1 2 3 4 6 

CHj^CH : CH-CHg'CHg is 2-pentene or A^-pentene, where 
A denotes the double bond. 

CHg-CH : C(CH 3 )-CH 2 -CH 2 -CH 3 is 3-methyl-2-hexene. 

.. « o * 5 

12 3 ^'iTT .per 

CH 3 *CH:C<^g 2 is 3-ethyl-2-pentene. 

3‘ “ 3* ® 

12 6 

CHg-CH V is 4 : 6-dimethyl-3-ethyl-2- 

6 6 7 

1 2 8 4 /CH3«CH2*CHj 

CH 2 : CH • CHj • C^CHj • CH 2 • CH 3 is 4-ethyl-4-propyl-l-Jjeptene. 

• CH3 

Modes of formation. — (a) Together with# paraffins by the 
destructive distillation of many substances, such & wood, 
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lignite, and coal, and also by the distillation of the higher 
pfinuffins (process of “cracking”, p. 41); illuminating gas con- 
sequently contains the olefines C 2 H 4 , OgHg, C^Ho, &c. 

(b) By abstraction of water from the alconols, CaH^+iOH, 
by heating them with sulphuric acid, phosphorus pentoxide, 
zinc chlonde, anhydrous formic acid, syrupy phosphoric acid, 
&c. When sulphuric acid is used, an alWI-suIphuric acid, e,g. 
ethyl hydrogen sulphate, CgHgO-SO^-OEf, is first formed, and 
this decomposes upon further warming into alkylene and sul- 
phuric acid. This method is especially applicable in the case 
of the lower homolo^es. Many alcohols yield olefines when 
heated alone, or with finely divided solids (Chap. XLIX). 

The palmitic esters of the higher alcohols, when distilled 
under somewhat diminished pressure, yield palmitic acid and 
an olefine. 

(c) By heating the halogen compounds with alco- 

holic potash, or by passing their vapour over red-hot lime or 
hot oxide of lead, &c.; sometimes by simple distillation: 

CgHnI + KOH = C5H10 + KI + HgO. 

The iodine and bromine compounds are particularly suited 
for this. The reaction may be regarded as the elimination of a 
molecule of halogen hydracid from the molecule of the com- 

E ound, the halogen coming from the one carbon atom and the 
ydrogen from an adjacent. (Cf. also Nef^ A. 1901, 318, 3.) 

(d) Sometimes from the haloid compounds by ab- 

straction of the halogen, ^ e,g. ethylene from ethylene bromide 
by treatment with zinc, magnesium, or zinc dust and alcohol: 

CgBEiBrg *4" Zn = “i* ZnBrg. 


(e) By the electrolysis of potassium salts of dibasic acids of 
the succinic acid series; thus succinic acid itself yields ethy- 
lene: 

CgH4(COOH)2 = CgHg + 2 CX)2 -f Hj. 


The complex anionO^CO-CHg-CHg^CO-O, when discharged 
decomposes into ethylene and carbon dioxide. 

Constitution of the Olefines . — ^For ethylene the following for 
mulsB may be given: — 


(I) 


CH, 


CHg— 


CHg 


A,- ‘“'k 


* Only w]$en the hiUogen atoms are attached to adjacent carbon atoms 
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In the formulae I and II, two free carbon bonds or valencies 
are assumed in the ethylene molecule. Formula III follows 
from the assumption that the bonds which are not used up in 
attaching the hydrogen atoms to carbon are used in uniting 
the carton atoms themselves. 

Now the ethylene bromide which is formed by the addition 
of bromine to ethylene has, for reasons which will be given 
under that compound, the constitution CH^Br-GH^Br, and 
likewise the compound obtained by the addition of ClOH 

! ue. Cl and OH), viz. glycol chlorhydrin, the constitution 
JHjCl'CHgOHj consequently formula I, according to which 
these substances would have the constitutions CHs*CHBr« 
and 0H3.0H01(0H), is excluded. 

Formula III is more probable than formula II: — 

(a) Since methylene, CH2:, appears to be incapable of 
existence; all attempts to isolate it have yielded ethylene, 
G2H4 (see below), so that free valencies attached to the carbon 
atom probably cannot exist. Cf., however, Chap. L, D. 

(b) because the free affinities to be assumed according to II 
are never found singly (which should in that case be possible), 
but invariably i^airs only, and indeed only on neighbouring 
carbon atoms. This is proved from the constitution of the 
compounds obtained by the addition, for instance, of Br2. 
Unsaturated compounds containing only one carbon atom, 
and unsaturated hydrocarbons containing an odd number of 
hydrogen atoms, are unknown. 

It is therefore to be concluded that in ethylene and its 
homolojgues a double carbon bond, corresponding with formula 
III, exists. 

By this term “ double bond ” is not, however, to be under- 
stood a closer or more intimate combination. The olefines, on 
the contrary, are more readily oxidized than the paraffins, 
being thereby attacked at the point of the double bond. 
Other properties, especially physical ones, also give indications 
that a double bond between two carbon atoms is looser, and 
therefore more easily J)roken, than a single one. (Gf. SriihL 
A. 211 , 162 .) 

1. Methylene {Meihene)^ CH^ does not exist. Numerous 
attempts to prepare it, e,g. b^ the withdrawal of hydrogen and 
chlorine from methyl chloride, or of iodine from nfethylene 
iodide, have invariably yielded ethylene, thus: — 

c 

2CH8C1 - 2Ha = C2H4. 
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Here the two resulting CH2-re8idues have united together, in 
the same way as the two methyl-groups coalesced to ethane 
(p. 34). 

2. Ethylene {Ethene\ olefiant gas, CH2:CH2. 

This con^und was discovered in 1795 by four Dutch 
chemists, its formula was established by Dalton, 

Illuminating gas generally contains 4 to 5 per cent of ethy- 
lene. For formation from elements see Pring and Fairlxe^ 
J. C. S. 1911, 99, 1806. It is usually prepared by beating 
alcohol with excess of concentrated sulphuric acid, with addi- 
tion of sand or anhydrous aluminium sulphate, a mixture 
of equal portions of the two liquids being subsequently 
dropped into the evolution flask; sulphur dioxide, &c., are 
produced at the same time by secondary reactiona A better 
method is to heat alcohol with syrupy phosphoric acid at 
200® {Newth\ or to pass alcohol over an hydrous alum. It is 
further formed by heating ethylidene chloride, CHg^CHClgi 
with sodium, or ethylene bromide with zinc. 

it may be liquefied at 0® under a pressure of 44 atmos., 
is very slightly soluble in water and alcohol; bums with a 
luminous flame, and forms an explosive mixture with oxygen. 
When rapidly mixed with twc volumes of chlorine and set fire 
to, it bums with a dark-red flame, with formation of hydro- 
chloric acid and deposition of much soot. It is convert^ at 
a red heat into methane, CH4, ethane, C2H0, acetylene, C<2H2, 
&c., with separation of carbon. (See p. 36.) It combina 
with hydrogen in presence of spongy platinum to ethane, 

C2H^* 

3. Propylene {Propene^ CgH^j, CHgZCH-CHg. Only one 
olefine, CgHg, is theoretically possible and only one is luiown, 
viz. methylethylene. It can be prepared from isopropyl iodide 
and caustic potash, or by heating glycerol with zinc dust. It 
is isomeric with trimethylene (see Folymethylenes). 

4. Butylene, C.Hg. Three butylenes are possible according 
to theory, and three are known. All of tnem are gaseous, 
their boiling-points lying between —6® asid -f 3®. Butylene 
and pseudo^utylene are derived from normal butane, and iso- 
butylene from isobutane, since they severally combine with 

to form these hydrocarbons. The first, a-butylene, is prepared 
from normjfl ; the second, )8-butylene, from secondary ; and the 
third, y-butylene, from tertiary butyl iodide, by the action of 
caustic potash upon Aese; the last can also be obtained from 
isobutyl alccmol and sulphuric acid. The isomerism of the two 
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butylenes derived from normal butane is e]^lained by the 
assumption of a double bond at different points, thus: — 

CJH^iCH.CHj.CHj CHg.CHiCH.CHa 
a«butylene (X-hutene) /S-butylene (Xrfmtent). 

Isobutylene has the formula (CH8)2C : CHg {Tnethylj^opene), The 
behaviour of these isomers upon oxidation is in accordance 
with the above formulae, the oxidation always taking place at 
the point of the double bond. 

The butylenes are isomeric with tetra-methylene {cyclo- 
Imtomey see Polymethylenes). 

5 . Amylene, G5H1A. A large number of isomeric amylenes 
are known, among them being Amylene (b.-pt. 35 ^), which is 
obtained, together with an isomer, Iso-amylene, by heating 
ordinary amyl alcohol with chloride of zinc. For it the con- 
stitutional formula (CH8)20:CH*GH3 (=trimethylethylene) is 
assumed. This is mown in the pure form under the name of 
“pental”. 

The higher Olefines of normal constitution, with 12, 14 , 16 , 
and 18 atoms of carbon, have been prepared by Kraffl accord- 
ing to method b. 

Cerotene and Melene (m.-pt. 62 ^) are obtained W the distil- 
lation of Ghinese wax and bees’-wax respectively. They are like 
paraffin in appearance, and are only sparingly soluble in alcohol. 

C. Hydrocarbons, Acetylene Series 

The hydrocarbons of this series again differ from those of 
the prec^ng by containing two atoms of hydrogen less. In 
physical properties they closely resemble both the latter and 
those of the methane series; thus the lowest members up to 
G.Hq are ^eous, the middle ones liquid, and the highest 
swid, and in their melting- and boiling-points they do not 
differ to any extent from those of the other series with an 
equal number of carbon atoms. The specific gravities of the 
normal hydrocarbtns G,2, O^y Gj^, and G^g, at the melting- 
^int, gradually a^p'^oacn with increasing carbon to a definite 
limit ^ 0 * 80 ), and are somewhat higher than those of the corre- 
sponding members of the ethylene series throughout. 

CanstihtHon . — llpon grounds similar to those ^ which have 
already been explained under ethylene, the constitutional for- 
mula for acetylene, G2H2, is assumed t6 be GH:^H, according 
to which tiM carbon atoms are joined together by a triple bond. 
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For a compound C 3 H 4 , the two following constitutional for- 
mulaa are possible: — 

OHiC'CHs (allylene) and CH 2 :C:OH 3 (allene). 

As a matter of fact, two hydrocarbons CsH 4 do exist, only one 
of which, allylene, yields metallic compounds. It is therefore 
to be considered the true homologue of acetylene, containing a 
triple bond, according to the first of the two above formuTse, 
while to allene the second formula, with the two double bonds, 
is to be ascribed. The constitution of the tetrabromopropanes, 
which are formed from these by the addition of bromine, agrees 
with this conception. 

In their chemical relations the acetylenes stand nearer to 
the olefines than to the parafiins, in so far that they are un- 
saturated and therefore capable of forming additive products. 

1 . A molecule of an acetylene can combine either (a) with 
two atoms of hydrogen or halogen, or with one molecule of 
halogen hydride, to olefines or their substitution products, 
thus : — 

CH:CH + 2H = CHatCH- 

CH:CH + HBr = CH 2 :CHBr (vinyl bromide) 

CHiCH + Bra = CHBr:CHBr; 

or (b) with four atoms of hydrogen or halogen, or two mole- 
cules of halogen hydride, to parafiins or paraffin substitution 
products, thus: — 

CH5.CiCH-f4H = CHa-CHa-CHs 

(in presence of platinum black) 
CH:CH + 2Bra = CHBra-CHBra 
CHs-CiCH -f 2HI = CHs-CIa-CH,. 

Like manv of the olefines, various members of this series 
combine with water under the influence of dilute acids, thus 
allylene, C 3 H 4 , dves acetone, CgH^O; and acetylene, CaH^ 
gives crotonic alaehyde, with intermediate formation of acetic 
aldehyde. The combination with wa^er may be accomplished 
(a) by the action of sulphuric acid wl^n, as in the case of the 
olefines, alkyl hydrogen sulphates are formed as intermediate 
products; (b) by means of mercuric chloride solution or of 
mercury and acids; or (c) by directly heating the hydrocarbon 
with water at 300® in sealed tubes. • 

CHiCH + HaO = CHa-CHO 
♦ CHa-OiCH + OH, = CHa-CO-CH,. 
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2. Many of the acetylene hydrocarbons are readily poly- 

merized; thus, acetylene is transformed into benzene when 
led through a red-hot glass tube. This is an important 
synthesis of benzene: » CgH^. At the same time 

the compounds C^Hg, &c., are formed. Similarly 

allylene, C3H4, mves mesitylene, C9H12) in contact with 
sulphuric acid and a little water. (See Benzene Derivatives.) 

3. Acetylene and some of its homologues react in a char- 
acteristic manner with an ammoniacal solution of cuprous or 
argentic oxide, to form reddish-brown or yellow-white precipi- 
tates, CCu-CCu; CAgjCAg; CHg-C-CAg, &c., which 
are explosive, and which are decomposed by acids, such as 
’HCl, with regeneration of the hydrocarbon. The first pro- 
ducts formed appear to be additive compounds, CgHg, 
CuCl, and these then yield the substituted derivatives. 

The hydrogen of acetylene can be replaced bv potassium or 
sodium, thus, when the hydrocarbon is heated with sodium, 
the compounds C2HNa and CgNag are obtained. These are 
decomposed by water or acids with evolution of acetylene. 

(For syntheses with the aid of acetylene, see Chap. 
XLIX, G.) 

All the hydrocarbons however, give such 

metallic compounds, but only the true homologues of acetylene 
containing the grouping •C-CH. 

Hydrocarbons such as allene, CHgtCrCHg, which do not 
contain a triple bond, and even acetylene compounds such as 
GHs«C:C«CH 3, where no hydrogen atoms are attached to the 
C atoms between which the trijpe bond is supposed to exist, 
do not yield these metallic derivatives. 

In the case of higher homologues, isomerism may be 
due either to the difference in position of the triple carbon 
bond in the molecule, or to the presence and different positions 
of two double bonds. The constitution of a compound is 
fixed by the formation or otherwise of metallic derivatives, 
and by its behaviour i^n oxidation. (See Oxidation of the 
Butylenes, p. 52.) 

llie official name of \he acetylene homologues proper, with 
a triple carbon-linking, ends in “ine”; that of the isomeric 
hydrocarbons, with two double bonds, in “diene”. ^ 

Formation. — 1. They are obtained, together with the hydro- 
carbons already described, by the distilmtio^ii of wood, lignite, 
coal, &a; thus illuminating gas contains acetylene, %llylene, 
and crotonylene. 
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2. By treating the haloid, preferably the bromine, com- 
pounds CnHjnX, and C^Hto-iX with alcoholic potash or sodium 
ethoxide (C^gONa): 

Bl Br 

H^.O^H-2HBr = H-CiC-H, 

With alcoholic potash, even when excess is used, the re- 
action tends to stop at the first stage, and a brominated olefine 
is formed, e.g, vinyl bromide (p. 68) from ethylene dibromide ; 
with sodium ethoxide, and elimination of hydrogen bromide 
proceeds more readily. 

Further, from the unsaturated alcohols, by the 

separation of the elements of water from them. 

3. By the electrolysis of potassium salts of the acids of the 
fumaric acid series {KekuM). 

4. Certain acetylene hydrocarbons, R-CiC-CHj, when 
heated with sodium, j^s into the sodium compounds of their 
isomers, R*CHo«C:OH; on the other hand, when the latter 
are wanned witn alcoholic potash, the opposite reaction takes 
place (Fatuorsky, B. 20, Ref. 781; 25, Ref. 81; 25, 2244). 

Acetylene (Eihine\ C 2 H^ was first obtained impure by 
E. Davy from calcium carbide in 1839, and pure by Berthdot 
in 1849. Illuminating gas contains 0'06 per cent. It is syn- 
thesised from its elements, when an electric arc is caused to 
pass between two carbon poles in an atmosphere of hydrogen 
(Berthelot), but other hydrocarbons are formed at the same 
time {Bone and Jerdan, J. 0. S. 1901, 1042; cf. also HutUm 
and Pring^ 1906, 1591). It may be obtained from ethylene 
bromide and sodium ethoxide solution ; also by the incomplete 
combustion of many carbon compounds, for instance, when the 
gas in a Bunsen lamp burns at the base; and from ethane, 
ethylene, and methane at a red heat, or by the action of the 
induction s|)ark. (See pp. 36 and 51.) The simplest method 
of preparation is by the action of water on calcium carbide, 
the water being allowed to drop gradually on to the carbide : 

CaC, -f HjO = CaO -f QH,. 

It becomes liquid at 1^ under a pressure of 48 atmospheres, 
burns with a luminous and very sooty fiame, and has a peculiar 
disagreeable smell. Its flame has a high illuminating power 
when burnt in speciqjly-constructed burners, and is now largely 
made use Af as an illuminating agent. It dissolves in its own 
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volume of water, and in six times its volume of alcohol; is 
poisonous, combining with the haemoglobin of the blood. 
It is decomposed into its elements with detonation by ex- 

f losive fulminate of silver, and also by the electric spark, 
t combines with hydrogen to ethane, when heated with the 
latter in presence of platinum black, or to ethylene, upon treat- 
ing its copper compound with zinc and ammonia. A mixture 
of acetylene and oxygen explodes violentlv when a light is 
applied to it. Chromic acid oxidizes acetylene to acetic acid, 
and permanganate of potash to oxalic acid. It combines with 
nitrogen under the influence of the induction spark to hydro- 
cyanic acid (see this), and detonates upon being mixed with 
chlorine, but additive products, e,g, CgHgClo, can, however, be 
prepared. As little as *006 milligramme of it can be detected 
W the formation of the dark-red copper compound C 0 CU 2 . 
This latter explodes when struck, or when heated to a little 
over 100®. 

Allylene (Propine\ CHg^CjCH, can be prepared from propy- 
lene bromide, CHg-CHBr-CHgBr. It resembles acetylene. 

Allene {Propadiene)^ CHglCtCHg, is obtained by the electro- 
lysis of itaconio acid. 

DiaUyl (HemA : Miene), CH^CE-CIl^-CE^^CliiCE^ is 
obtained from allyl iodide, CHglCH-CHgl, and sodium. 

Isomeric with these hydrocarbons are certain hydro-deriva- 
tives of aromatic hydrocarbons, e,g, tetrahydrobenzene, CqHj 4 ; 
decahydronaphthalene, (See Aromatic Compounds.) 

Certain diolefines are of importance from their relationship 
to rubber (cf. open chain terpenes, Chap. XLI, A., and 
Rubber, Chap. LVI). 

D. Hydrocarbons 

Di-aoetylene (Butadiine), or CH-C-C-CH. This is 
prepared by heating the ammonium salt of diacetylene-dicar- 
boxylic acid (see this) with ammoniacal copper solution, 
whereby it is transformed into the cuprous compound of di- 
acetylene, and then warming this with potassium cyanide. It 
is a gas of a peculiar* odour, which yields a violet-red copper 
compound and a yellow silver one, the latter exploding upon 
being nibbed, even when moist. (5a«yer, B. 18, 22^9.) 

Di-propargyl {\:^Hexadiine\ CgH^, or CH-C-CHg-CHj. 
G:CH, is obtained by the conversion of (^allyl into its tetra- 
bromide, and the subsequent elimination of four na>lecules of 
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hydrogen bromide from each molecule of the tetra>bromide; 
b. pt. 85®. It gives copper and silver compounds, and takes 
up eight atoms of bromine, &c. It possesses an especial in< 
terest, as it is isomeric with benzene. Another isomeride is 
2*A-Hexadiiney CHg-O-C-C-C-CHg. (B. 20, R. 664.) 

An interesting compound is vinylacetylene, CH • C • CH : OHg, 
containing a double and a triple linking. It is formed from 
butadiine dibromide by the process of exhaustive methylation. 
<B. 1913, 46, 535.) 


IL HALIDE SUBSTITUTION PRODUCTS OF THE 
HYDROCARBONS 

A. Halogen Derivatives of the Paraffins 

These are to be regarded as paraffin hydrocarbons in which 
one or more hydrogen atoms have become replaced by one or 
more halogen atoms. 

General Properties. — Only a few of these compounds, e.g, 
CH3CI, CgHgCl, and CH3Br, are gaseous at the ordinary tem- 
perature; most of them are liquid, and those with a very 
large number of carbon atoms in the molecule solid, e,g, cetyl 
iodide, CjgHggl. The introduction of a halogen atom in any 
hydrocarbon in place of an atom of hydrogen always tends to 
raise the boiling-point; the introduction of iodine has the 
most marked effect, and chlorine the least (cf. Table, p. 59). 
Those which contain a large number of halogen atoms, e,g. 
CI4, C2CI3, are solid. Under comparable conditions, the boiling- 
points of the iodides lie, for each atom of halogen, about 50® 
(40®-60®), and those of the bromides about 22® (20®-24®), 
above those of the chlorides. 

The lowest members of the series have, in the liquid form, 
at first a higher specific gravity than water, e,g, CHgl, sp. gr. 
2*2, CgHgBr, sp. gr. 1*47. With an increasing number of 
carbon atoms, however, the influence of the halogen diminishes, 
and they become lighter than water. ^ 

The halogen substitution products of the hydrocarbons are 
very sparingly soluble in water, but readily in, and therefore 
miscible^o any extent with, alcohol or ether ; they also dissolve 
in glacial acetic acid. They often poSsess a sweet ethereal 
odour, but this becomes less marked with diminishing vola- 
tility. Most of them are combustible ; thus methyl and ethyl 
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chloride bum with a green-bordered flame, while ethyl iodide 
and chloroform can only be set fire to with difficulty. Many 
members of the series containing one or two atoms of carbon 
produce insensibility and unconsciousness when inhaled, e,g, 
CHCls, CjHsCla, C^H^Br, and aHCL. The liquid iodine 
derivatives are readily decomposed, and on exposure to light 
turn deep-brown in colour, owing to the liberation of free 
iodine, e.g. ethyl iodide liberates iodine and gives 04 !!,^. 

In all these compounds the halogen is more firmly bound 
than in inorganic salts, so that, for instance, when silver 
nitrate is added to an aqueous solution of a chlorine com- 
pound, e.g. chloroform, it causes no precipitation of AgCl. 
Nevertheless, the halogen is in most cases readily exchangeable 
for other elements or groups, a circumstance of the utmost 
importance for many organic reactions. This is especially 
true for the iodine and bromine compounds, whicn react 
more readily than the chlorides, and, on account of their 
lesser volatility, are easier to work with; thus CJLBr reacts 
with AgNOg at the boiling temperature, and CfgHgl in the 
cold. 

In all these halogen compounds the halogen can be a^ain 
replaced by hydrogen by inverse substitution, e.g, by sodium 
amalgam, by zinc dust and hydrochloric or acetic acid, or by 
heating with hydriodic acid. (See p. 33.) 

Of fluorine compounds, only a few are known as yet ; CHgF 
and GgHgF are gases. 

Nomenclature , — The best system of nomenclature is to regard 
them as derived from the corresponding hydrocarbons, e,g. 
CHClg trichloro-methane, CHgl mono-i(^o-methane, and if 
necessary to indicate the carbon atoms to which the halogen 
radicals are attached, e,g, CHgCl *011201 1 : 2-dichloro-ethane,^ 
CHg-OHBrn l:l-dibromo-ethane, OH«Br*OH„*OH„Br l;3-di- 
bromo-propane, OH 8 *OH(OH 8 ).OHBr.OH 2 -CH 2 Br 2.methyl- 
3:6-dibromo-pentane. 

Formation, — 1. By SubstitTition. — Chlorination and Bro- 
mination, Ohlorine rnd bromine act for the most part as 
direct substituents (see p. 31). With the gaseous hydrocarbons 
their action even in the cold is an extremely energetic one 
{e.g, chlorine mixed with methane easily causes an explosion, 
so that dilution with OOg is necessary); the higheif^ members 
require to bo heated.'' 

* This is identical with et^lene dichloride. It Should nev^r be termed 
^ioL^orosthylepe, which ^ QHQl i Q^Q1» a substitutiQn product of ethylene. 
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Saturated Compounds 

(a) Mono-substUuted Derivatives. 

Chloride. Bromide. Iodide. 



B.-p. 

8p.gr. 

B..p. 

Sp.gr. 

R.p. 

8p.gr 

Methyl 

— 23-7® 

0*952 

+4-6® 

1*732 

+46® 

2*293 

Ethyf 

+12-2® 

0*918 

38*4° 

1*468 

72-3® 

1-944 

n-Propyl 

46*5° 

0*912 

71° 

1*383 

102-6* 

1*786 

Mo-Propyl .... 

366° 

0*882 

60° 

1*340 

89“ 

1-744 

Prim. n-Butyl 

78° 

0*907 

0 

0 

1*305 

130* 

1*643 

(6) Di-euhstUuted Derivatives. 






Chloride. 

Bromide. 

Iodide. 


B..p. 

Sp.gr. 

B..p. 

8p. gr. 

B.-p. 

8p.gr. 

Methylene ... 

42® 

1*337 

97° 

2*498 

180* 

3*292 

Ethylene 

84° 

1*260 

131° 

2*189 

solid; m.' 

•p. 81-82' 

Ethylidene... 

68® 

1*189 

110° 

2*080 

178° 

2*84 


(c) Tri-subetitvited Derivatives. 

Chloroform. Bromoform. Iodoform. 

CHX 3 . b.-p. 61° b.-p. 151° melts at 119° 

sublimes 

(cQ Tetra-substituted Derivative. 

Chloride. Bromide. 

CX 4 76° solid; m.-p. 92°; b.-p. 189° 

Carbon tetra* 

Unsaturated Compounds 

Chloride. Bromide. Iodide. 

Vinyl, CH«:CHX -18° +23° 56° 

AUyl, CH,:CH.CHjjX 46° 70° 101 ° 

Trichlorethylene boils at 88°, tetrachlorethylene at 121°. 
Monochlor- and monobrom-acetylene are gaseous. 

Compounds of the type CClgBr, CClgBr^, CCI2I2, &c., are 
also known. 

The first halogen atom enters most easily into the com- 
pound, the substitution becoming more difficult as the number 
of those atoms present increases. In ^e case of the higher 
hydrocarbons, two isomeric mono-substitution products are 
usually formed. The action of the halogens is further facili- 
tated bycsunlight, and bv the presence of iodine, this latter 
acting as a carrier of chlorine oy the aitemate formation of 
ICI3 and ICl, thui^ ICI3 as ICl + 2 Cl. Antimony penta- 
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chloride and ferric chloride act in the same way (and also for 
brominating and iodating, — B. 18, 2017; A. 231, 195); iron 
wire is especially useful in brominating (B. 24, 4249). When 
complete chlorination is required, the substance in question is 
repeatedly saturated with chlorine in presence of iodine, and 
heated in a tube to a high temperature. 

From methane are formed the whole series of substitution 
products up to CCI 4 . 

Ethane first yields ethyl chloride, C 2 HgCl, then ethylidene 
chloride, C 2 H 4 CI 2 , and so on up to CgClg. 

From propane is first prc^uced normal propyl chloride, 
C 3 H 7 CI, and finally C 3 Clg. The latter decomposes, upon 
vigorous chlorination, first into CgClg and CC14, and the 
perchloro-ethane subsequently into two molecules CGI4. On 
chlorinating butane and the higher hydrocarbons strongly, an 
analogous splitting up of the molecule is effected. Strong 
chlorination or bromination readily gives rise at the same time 
to hexachloro- or hexabromo-benzene. 

Iodine seldom acts as a direct substituent, since by this 
reaction hydrogen iodide would be formed, which would then 
reduce the iodine compound back to the hydrocarbon. (See 
p. 33.) To induce the action, therefore, the HI formed must be 
removed by HIO3 HgO. The iodine substitution products of 
the hydrocarbons are usually prepared indirectly (according to 
2 or 3). 

2. From IJnsaturated Hydrocarbons. These combine readily 
with halogen or halogen hydride. (See p. 46.) 

Ethylene gives with hydrochloric, hydrobromic, and hydri- 
odic acids, ethyl chloride, &c., i.e, mono-substitution products 
of ethane; with chlorine, &c., it gives di-substitution products. 

The compound G 2 H 4 Glq, obtained by the action of chlorine, 
is called ethylene cmonde, has the constitutional formula 
GH 2 G 1 *GH 2 G 1 , and is isomeric with the et^lidene chloride 
GH.*CHGl 2 , obtained by the chlorination of C/ 2 HgGl. (For an 
explanation of this isomerism, see p. 65.) 

rropylene combines with hydriodic acid to isopropyl iodide, 
O 3 H 7 I, which is reconverted into propylene by elimination of 
HI. But the same propylene results from a compound isomeric 
with isopropyl iodide, vu, normal propyl iodide (and also, of 
course, from the above-mentioned normal propyl chloride), by 
the elimination of hydrogen iodide (or chloride), so that by this 
reaction normal propyl iodide can be transformed into iso- 
propyl iodida (oee p. 62.) From the thaee butylenes there 
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are formed two butyl iodides, viz. secondary and terti^, 
which, as well as the two other existing butyl iodides, yield 
these butylenes again with alcoholic potash; in this way the 
two last-mention^ butyl iodides are convertible into their 
isomers, the two first (see p. 64). 

A studv of the constitution of the compounds formed, shows 
that in tnese additive reactions the halogen imariahVy attaches 
itself to that carbon atom with which are combined the least nv/mber 
of hydrogen atoms, e.g. 

CH3.CH:CH, + HI = CH8.Cra.CH3(wo^CHj.CH,.CH^ 

from C 3 H 7 X onwards, therefore, we obtain only “ secondary ” 
and “tertiary”* compounds. 

3. From Compounds oontainikg oxygen. 

(a) From the alcohols In these the OH is 

readily exchangeable for chlorine, bromine, or iodine by the 
action of halogen hydride, thus: — 

CjH^OH + HBr CjHjBr + HjO. 

In such exchange the halogen takes the place of the hy-, 
droxyl, so that the constitution of the halide product corre- 
sponds with that of the alcohol used. 

These reactions are reversible or balanced, and a state of 
equilibrium is reached; according to the law of mass action, 
it is therefore necessary either to use a large excess of halogen 
hydride, or to remove the water formed, by sulphuric acid, 
zinc chloride, <fec. 

Methyl and ethyl chlorides are easily prepared by distilling 
the corresponding alcohol with common salt and sulphuric 
acid, or by leading hydrogen chloride into the warm alcohol 
containing half its weight of zinc chloride in solution (Groves), 

The chlorides of phosphorus react in much the same way 
with alcohols as with water, thus: 

PCI3 -f 3 HOH = P(0H)3 + 3 Ha 
Pas + SCaHfiOH = P(OH)3 + 3C2H5a. 

The reaction consists in first replacing ^the chlorine atoms 
by O'CgHg groups. The ethyl phosphite, P(OC 2 H 5 ) 8 , so 
formed then gives CgHgCl and P(OH)(OC 2 H 5 )o, and finally 
P(0H)8 (A1^., 1918, L 4h). 

*The names “primary’*, “secondary”, and **te#tiary” compounds are 
founded upon those of th^ alcohols — primary, secondary, and tertiary — in 
question, fromfi^hich they can be prepared according to method 3, a. 
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Phosphorus pentachloride is most frequently used for this 
purpose, 

Pa^ + CjHftOH = CjH^Cl + Ha + POCl,. 

Phosphorus oxychloride itself is also sometimes employed. 
Of especial importance here is the application of the halogen 
compounds of phosphorus in the production of bromine and 
iodine compounds. The former need not be prepared before 
hand, the end being achieved by gradually bringing phosphorus 
and iodine or bromine together in presence of the alcohol : 

3CHaOH + P + 31 = + HjPOs. 

This is the method usually employed for the preparation of 
methyl and ethyl iodides. 

( 6 ) The halogen derivatives may also be prepared from 
polyhydric alcohols, e.g, trichlorhydrin, CgHaClg, from gly- 
cerol, C 8 l^OH) 8 , and PCI 5 ; isopropyl iodide, CgH^I, or allyl 
iodide, C«H«I, from glycerol and rLs according to the con- 
ditions of the experiment (see p. 63); hexyl i^ide, CgH^gl, 
from mannitol, CgHg(OH)g and Ml, the latter acting here as 
a reducing agent also. 

(c) From ludehydes and ketones (see thes^, dichloro-sub- 
stitution products are formed by the action of PCI 5 , e.g. ethyli- 
dene chloride, CHg*CHCl«, from aldehyde, CHg-CHrO; ace- 
tone chloride, CHg-CClj^^UHg, from acetone CHg-CO-CHg. 

4. Chlorine and bromine compounds are frequently formed 
from the corresponding iodine or bromine ones by airect ex- 
change, e.g. isopropyl bromide from the iodide, or methylene 
bromide from methylene iodide; (also by treatment with mer- 
curic chloride, stannic chloride, or fuming hydrochloric acid). 
Conversely the chlorides and bromides may be transformed 
into the iodides by heating with sodium iodide in alcoholic 
or acetone solution (B. 18, 519), diy calcium iodide (B. 16, 
392), or with fuming hydriodic acidl 

MONO-SUBSTITUTION PRODUCTS 

The methyl and ejhyl compounds are usually obtained from 
the corresponding dcohols by one or other of the following 
methods: — (a) Grove’s method (p. 61); (b) action of concen 
trated sulphuric acid and sodium halide; (e) phosphorus and 
halogen. 

Methyl chloride is often obtained by heating trimethy- 
lamine hydrochloride at 360^ (For physical properties, see 
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Table.) Methyl chloride is used for the production of artificial 
cold, for extracting perfumes from fiowers, and for methylat 
ing dyes in the colour industry. It bums with a green- 
bordered fiame. 

Ethyl Flnoiide, C^H^F. A gas of ethereal odour, which 
liquefies at — 48 '’; it bums with a blue flame, and does not 
attack glass. 

Each Propyl halide, C3H7X, exists in two isomeric forms, 
the normal propyl and the isopropyl compounds, the former 
boiling at a somewhat higher temperature than the latter. To 
the normal compounds me constitutional formula 
CH2X is ascribed, and to the iso-compounds the formula 
CH3«GHX«CH3, since they are derivable respectively from 
normal propyl alcohol and from isopropyl alconol or acetone, 
the constitutions of which can readily be determined. 

According to theory only these two cases are possible, since 
propane, GHg-GHj-GHg, contains but two types of hydrogen 
atoms, viz.: (1) six combined with the end carbon atoms, and 
(2) two combined with the middle ones. For the transforma- 
tion of the normal into the iso-compounds, see p. 60 . 

Isopropyl iodide, 2-iodopropane, is prepared from glycerol, 
phosphorus, iodine, and water (see p. 62 ) ; allyl iodide (p. 68) 
IS formed as intermediate product, and at the same time some 
propylene (p. 51 ): 



3 HI - SHgO = C^.13 = CsHfil 
~ C3H0 -f- 1 ^ Q3H3I -|- 2 HI =5 


c,ki +4 


Each Butyl-halide compound, G4H2X, is known in four 
isomeric forms, which difier from one another in boiling-point 
(up to 397 

Four isomers are theoretically possible; thus from normal 
butane, GHg-GHg-GHg-GHg, are derived: 


(a) s-^^d (6) CHg-CHg^CHI-CHg 

Normal batyl iodide (X-iodobutane) Secondary butyl iodide (2-<odobtiiana). 


according to whether a “terminal” or “central” hydiwen 
atom is replaced; similarly from trimethj^methane, CH(G]^)3, 
are derived: ^ 

(c)^^>CH.CH,I and (d) ggXn.CH. 

Isobutyl iodide Tc^riiaiT butyl iodide 

(^■methyl^iodopropaiM) {irm^yUiriodoprofam). 

^e constitution oi( these fomr compounds follo^r fron 
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those of the four corresponding butyl alcohols (p. 70), from 
which they can be prepared by the action of halogen hydride. 

Isobutyl bromide changes into the tertiary compound when 
heated at 230®-240®, or when kept, probably owing to the 
intermediate formation of butylene. 

The Isobutyl oompounds are the easiest to prepare (from 
isobiityl alcohol^. The Tertiary readily react with HgO to 
form the alcohol and halogen hydride, this taking place even 
in the cold in the case of the iodide. 

These mono-halogen derivatives are one of the most impor- 
tant groups of reagents employed by the organic chemist, on 
account of the readiness with which the halogen atoms may 
be replaced by other radicals. 

Some of the more characteristic reactions are: — 

1. Eeplacement of halogen by hydrogen. Inverse substi- 
iution (see p. 33). 

2. Beplaceicent of halogen by OH (hydroxyl) (p. 74), 

CJELJL + HjO = C^jOH + HI, 

generally by the aid of aqueous alkali, moist silver oxide, or 
lead oxide and water. 

3. Alkalis in alcoholic solution, or alcoholic solutions of 
sodium methoxide (CHj* ONa) or sodium ethoxide (CgHg • ONa), 
as a rule, eliminate halogen hydracids, and yield olefines, 
GHjI^CHs — HI = OH 2 :OHy For the reaction it is neces- 
sary that the halogen derivative contain at least two carbon 
atoms, and that a hydrogen atom should be attached to a car- 
bon atom adjacent to the one to which the halogen is united. 

4. The halogen may be replaced by the amino group -NHj 
by the aid of ammonia under pressure, by the nitro group 

•N^q or nitrite radical •0*N:0 (p. 97), and by the nitrile 

radical -CiN (p. 103).* 

For their use as synthetical reagents, see pp. 125, 236, 245. 

DI-aUBSTITUTION PRODUCTS 

Methylene ohlonde, CHXl^, Methylene bromide, CHoBr^ 
and Methylene iodide, CHgls^ are colourless liquids which 
are obtained either from the tri-haloid substitution products 
by inverse substitvition, or from the mono-substitution pro- 
ducts by the introduction of more halogen. (See table, 
p. 59.) « 
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The compounds are known in two isomenc forms, 

to which are assigned the constitutional formulae: 

CHsX^CHgX (ethylene) and CHs^CHXs (ethylidene). 

The former result from the addition of halogen to ethylene, or 
from the action of halogen hydride or phosphorus haloids ujpon 
glycol, C^H 4 ( 0 H )2 (see this), e,g, ethylene bromide, by passing 
etWlene into bromine and water at the ordinary temperature. 

The ethylene compounds yield acetylene with alcoholic 
potash, or better, alcoholic solution of sodium ethoxide, and 
are transformed into glycol by exchanging their halogen atoms 
for hydroxyl under the influence of potassium carbonate solu- 
tion. Glycol, CH2(^0H)*0H2-0H, with hydrochloric acid 
yields glycol mono-chlornydrin, CHgCl-CKL-OH, and this on 
oxidation yields mono-chloracetic acid, CHgCl-CO-OH. In 
this acid it can be shown that the chlorine and hydroxyl 
radicals are attached to distinct carbon atoms; hence in 
glycol the two hydroxyl groups, and in ethylene dibromide 
the two bromine atoms, are almost certainly united to distinct 
and not to the same carbon atoms. 

The Ethylidene compounds are obtained from aldehyde 
(para-aldehyde) by exchange of the oxygen for halogen by 
means of phosphorus chloride, &c. 

Ethylidene chloride, also called ethidene chloride, or 1:1- 
dichloroethane, is, however, most conveniently prepared with 
phosgene, COClg, thus: — 

CH,.C!<^ + COClj = CH 3 -CHCa, + 00,. 


It is also formed by the further chlorination of CoH^Cl, and is 
a by-product in the manufacture of chloral. Its boiling-TOint 
(57^) is lower than that of ethylene chloride (84°). It is an 
ansesthetic. 

Propylene chlorides, bromides and iodides, are 

likewise known. One group is formed by the addition of 
halogen to propylene, and thus has an unsymmetrical con- 
stitution, e,g, propylene chloride, f : 2 - dichloropopane, 
OHg-CHCl-OHjOl. Isomeric with this group are the sym- 
metricalljf-constituted Trimethylene derivatiyes, of which tri- 
methylene-bromide, 1 : 3-dibromo-propane,. CHgBr • CH« • CH^Br, 
results from the adc^tion of hydrobromic acid to allyl bromide: 

0&,:CH-CH,Br + HBr = CH,Br.CH,-CH,Br. 

(8 480 ) 
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Cllloroform, CHClg {Liebig and Souheiran, 1831; formula 
established by DumaSj 1835). 

Formation , — Of theoretical interest is its formation from 
methane or methyl chloride. A common method of prepara- 
tion is by the action of bleaching powder on alcohol or 
acetones. An improved method is the saturation of alcohol 
with chlorine and treatment of the product with lime and a 
little bleaching powder. To obtain pure chloroform on a 
small scale, chloral or its hydrate is warmed with alkali 
solution, CClg.CHO + NaOH — CHCL + H-COONa. It is 
highly probable that aldehyde and chloral are intermediate 
products when alcohol is used. It can also be obtained 
electrolytically from alcohol or acetone and alkali or alkali- 
earth chloride solutions (Z. Elec., 1919, 26, 115). 

It is a colourless liquid of a peculiar ethereal odour and 
sweetish taste, is sparingly soluble in water, and solidifies 
below —70®. B.-pt. 61-2®. Sp. gr. 1*527. It dissolves fats, 
resins, caoutchouc, iodine, &c., and is also a most valuable 
anaesthetic (Simpson, Edinburgh, 1848). 

The carbylamine reaction (see Iso-nitriles) furnishes a deli- 
cate test for the presence of chloroform. 

Bromoform, CHBrg, is sometimes present in commercial 
bromine. 

Iodoform, CHIg (SertUlas, 1822; formula established by 
Dvmas), is prepared by warming alcohol with iodine and 
alkali or allmline carbonate: 

CjHfiOH + 4 Ij •+. 6 KOH = CHI 3 -f HCOaK -f 6 KI 5 HjO. 

It can also be prepared in the same way from acetone, 
aldehyde, lactic acid, and, generally, from compounds which 
contain the group CH 3 *CH(OH)-C, or CHg-CO-C (lAeben), 

An electrolytic method consists in passing a current through 
a solution containing potassium iodide, sodium carbonate, and 
alcohol, the temperature being kept at 65°. Some 85 per 
cent of the potassiun: iodide is thus converted into iodoform. 

It crystallizes in yellow hexagonal plates, melts at 119°, has 
a peculiar odour, is volatile with steam, and is an important 
antiseptic. It contains only 0*25 per cent H, whteh at first 
caused the presence of the latter to be overlooked. 

Methyl chloroform, CHg-CClg. Thisocompound, the tri- 
chloride of acetic acid, also acts as an anaesthetic'! 
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Glyceryl chloride, TriMorhydrin^ l:2:3-trichloropropane, 
CHqCl-CHCl-CHgCl, is obtained from glycerol and PCL 
(p. 62). B.-pt. 158®. The corresponding bromine compound 
is also known, but not the iodine one, C 3 Hgl 3 , which decom< 
poses in the nascent state {i.e. when glycerine, phosphorus, 
and iodine react together) into allyl iodide, C 3 H 3 I, and l^. 

HIGHER SUBSTITUTION PRODUCTS 

Carbon tetrachloride, CCI4. Can be prepared from chloro- 
form or carbon disulphide and chlorine. It is a colourless 
liquid, boils at 77®, and is used as a solvent for fats, &c. 

Ferohloro-ethane, CjCl^. Rhombic plates of camphor-like 
odour. Melts and sublimes at 186®. 

The chemical properties of these polyhalogen derivatives 
are somewhat similar to those of the monohalogen derivatives. 
They may be reduced, transformed into the corresponding 
alcohols, or the halogen atoms replaced by NHjj radicals, &c. 
The action of alkalis on the polyhalogen derivatives, in which 
the halogen atoms are attached to the same car^n atom, 

OH 

is interesting, e.g. OH2CI2 gives not CH 2 <^qjj, but CHglO 

formaldehyde and HgO; CHCL rives not CH(OH) 8 , but this 
compound —water, viz. 0: 011 •OH, formic acid. Similarly, 
CCI4 gives not C{ 0 H) 4 , but COo -f 2H2O, and CH.-CHBro 
gives CHs-CH( 0 H )2 - H 2 O, U CHs-CHO. 

Many of these reactions require high temperatures; the 
substances must be heated with the rikali in sealed tubes 
under pressure. It is characteristic of carbon derivatives 
that compounds which contain two or more hydroxyl radicals 
attached to the same carbon atom are unstable, and, as a rule, 
immediately eliminate water yielding an alde^de, acid, &c. 
Ammonia and chloroform at a red heat yield HCN and HCl. 

B. Halide Derivatives of the Unsaturated 
Hydrocarbons^ 

These compounds are obtained either hy eliminating part of 
the halogen as halogen hydride from the di-halogen derivatives 
of the saturated hydrocarbons, or by incompletely saturating 
the hydrocarbons poorer in hydrogen with halogen or halogen 
hydride, e.g . : 

CjH 4 «rj-HBr = CjHsBr. CjHj + HBr = C^,Br. 
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The allyl compounds, CgH^X, are obtained from allyl alcohol 
and halogen hydride or phosphorus halides. 

These unsaturated products are very similar to the corre- 
sponding saturated ones, but they are, of course, capable of 
combining further with halogen or halogen hydride, and they 
exist in stereo-isomeric modifications. (See Fumaric Acid.) 

In the unsaturated compounds the halogen atoms are, as a 
rule, not so readily replaced by other radicals, e,g, OH, NHg, 
as in the saturated halogen derivatives. 

Vinyl bromide, hromo-ethylene, CHgtCHBr, is usually pre^ 
pared from ethylene di-bromide and alkali. 

Allyl-ohloride, -bromide, and -iodide, ^-iodo-l-propene, 
CHo : CH'CHjX, are of importance on account of their relation 
to the allyl compounds found in nature, e.g. oil of mustard and 
oil of garlic. The iodide is prepared from glycerol, phosphorus, 
and iodine, and from it, by means of HgClg, the chloride. 

Isomeric with these are the propylene compounds, e,g. 
a-ohloro-propvlene (l-cAZoro-l-p*o^ene), CHCliCH-CHg. 

Trichloroethylene {Westrosd\ CClgrCHCl, a heavy liquid 
boiling at 88®, is an important solvent for fats, and is formed 
by the action of dilute alkalis on acetylene tetrachloride, 
CHCL-OHClg, a product formed by the union of acetylene 
and cnlorine (Chap. L, H.). 

From acetylene are formed the Grigmrd reagents, 
CH-CMgBr and BrMg*C:C*MgBr, which are used for syn- 
thesizing unsaturated alcohols and glycols (Abs., 1914, i, 
393, 401, 405). 


III. MONOHYDRIC ALCOHOLS, OR ALKYL 
HYDROXIDES 

Alcohols may be regarded as paraffins in the molecules of 
which one or more hydrogen atoms have been replaced by one 
or more monovalent hydroxyl groups, • 0 • H. The • 0 • H group 
is thus characteristic of alcohols. For the proof of the presence 
of the OH group, sea p. 17. They are usually divided into 
groups, according to tne number of such radicals contained in 
the molecule: dihydric^ trihydric^ e,g, C 3 H 5 (OH) 3 ; 

hexahydric, e,g, C 3 Hg(OH) 3 , &c. 

The monohydric alcohols are either saturated or uix^aturated, 
according to the hydrocarbons from which they are derived. 
The unsaturated closely resemble the saturated, except that 
they are capable of forming additive compounds.' 
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A. Monohydric Saturated Alcohols, 

(See Table, p. 70.) 

The lowest members of this series are colourless mobile 
liquids, the middle ones are more oily, and the highest — from 
dodecyl alcohol, Oi 2 ®^OH, onwards — are solid at the ordi- 
nary temperature, and like parafSn in appearance. Gaseous 
alcohols are unknown; and it is thus obvious that the intro- 
duction of OH for H raises the boiling-point of a substance. 
Compare — 

B.-p. B.-P. 

CH. -164° CH3OH 66° 

CA CaHgOH 78° 

CA(OH) 78° 197° 

With compounds of analogous constitution the boiling- 
point rises with tolerable regularity; in the case of the lower 
members by about 19°, and higher up in the series by a 
smaller number. 

The lowest members are miscible with water, but this 
solubility rapidly diminishes as the molecular weight in- 
creases; thus butyl alcohol requires 12 parts, and amyl alco- 
hol 40 parts of water for solution, while the higher members 
are no longer soluble in water. The former can be separated 
or “ salted out ” from their aqueous solution by the addition 
of salts, e.g. KgCOg and OaClg. 

The specific gravity is always < 1. The highest members 
(over C^o) can be distilled undecomposed only in a vacuum; 
at the oi^nary pressure they break up into olefine and water. 
The lowest members possess a spirituous odour, those with 
more than five C atoms an odour of fusel, and both have a 
burning taste, while the highest members are like paraffin in 
appearance and without eiuier taste or smell. 

CONSTITUTION AND ISOMERS; CLASSIFICATION OF THE 
ALCOHOLS • 

Propyl alcohol, CsH^^OH, and the higher members exist in 
different isomeric moaifications; thus there are two propyl, 
four butyl, and eight amyl alcohols, &c. 

The number of isomeric forms theoretically possible can be 
determined by taking the formulas for the corresponding satu- 
rated hydrocarbon^ and seeing in how many different positions 
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the OH eroup can be introduced, e.g. CH.>CH,*CHs, propane, 

can obvifusly give- 8 . f ^ 

CHj-CHa-CHg.OH and CH3.CH(OH).CHa, 

two distinct propyl alcohols. 

Butane exists in two forms: 

CHj'CHj'CHa'CHj or normal and (CH3)3CH or wo. 

From the n we can get — 

CH3.CH2.CH2.CHa.OH and CH3.CHa-CH(OH).CH3; 

from the iso — 

(CH3)aCH.CH2.0H and 
but no more. 

Of these isomerides, some only are oxidizable to acids, 
CnHjnOa, containing an equal number of carbon atoms, an 
aldehyde, CnHa^O, being formed as intermediate product. 
Such alcohols are termed primary alcohols (primary propyl, 
butyl, and isobutyl alcohols, &c.). 

Another class of alcohols is not oxidizable to acids with 
an equal number of atoms of carbon, but to ketones, OnHjnO, 
by the removal of 2 atoms of hydrogen, e,g. isopropyl alcohol 
yields acetone, CgHgO. These are termed secondary (secon- 
dary butyl alcohol). Upon further oxidation the ketones do 
indeed yield acids, which, however, contain not an equal but 
always a smaller number of carbon atoms, the carbon chain 
having thus been broken up. 

Lastly, the third class of alcohols, the tertiary, yield upon 
oxidation neither aldehydes, ketones, nor acids with an eqml 
always a smaller number of carbon atoms, due to the fission 
of the carbon chain. 

Constitution of the Alcohols. — In the molecule oi a mono- 
aydiic alcohol one of the hydrogen atoms plays a part different 
from that of the others; thus it is replaceable by metals (K 
and Na), and by acid radicals, and, together with the oxygen 
atom, combines with the hydrogen of* a halogen hydriae to 
form water, while the other hydrogen atoms of the alcohol 
remain unchanged. This hydrogen atom, which has already 
been formulated under the Theory of Types apart from the 
others, is called the ‘‘typical” or “extra-radical” hydrogen 
atom, ^t is not* joined directly to the carbon atom, but 
through the oxygen one, a conclusion which is confirm^ by 
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the formation of alcohols by the action of alkalis (KOH) on 
monohalogen derivatives of the paraffins. (See p. 74.) This 
point has been previously discussed (p. 17) for ethyl alcohol. 

The alcohols therefore contain a hydroxyl group, OH, and 
their general constitutional formula is (CnHsn^i) • OH. 

According to theory, this hydroxyl can either replace an 
atom of hyarogen in a methyl group, in which case an alcohol 
containing the group -CHgOH ^one carbon atom being joined 
to the other by a single bona) results, e.g, OHg-CHo-OH. 
Or it can replace the hydrogen of a CHg: group in a hydro- 
carbon, so that the resulting compound contains the group 
:OH»OH, the carbon being here joined to two other carbon 
«atoms. Or, lastly, it is possible that in a hydrocarbon with 
a branching carbon chain, the hydrogen of a methine group 
CH: may be replaced by hydroxyl, when the resulting alcohol 
would contain the group :0»0H, in which one carbon atom is 
joined to three others. 

jj 

Now, it is easy to see that the group can, by 

further oxidation, bo transformed into •C^q.H* latter, 

which is termed carboxyl, is contained in the acids CnHanO,, 
or On.iHan-iCOOH, which are formed by the oxidation of the 
primary alcohols. Consequently it is the primary alcohols 
which contain the group -CHo-OH. 

The group :CH*OH can likewise be changed into :0:0 

CK^qjj “ which is the characteristic group of 

the ketones, by oxidation. A further introduction of 0 or 
OH, whereby acids containing the OTOup -CO -OH would 
ensue, is not possible in this case wi^out a rupture of the 
carbon chain, since the carbon atom is tetravalent. Since 
then it is the secondary alcohols which upon oxidation yield 
ketones, and not acids with an equal number of carbon atoms, 
the ^oup :OH*OH is characteristic of these. 

Finally, the group 5C»OH already contains the maximum 
of oxygen which can combined with a carbon atom already 
linked to 3 other atoms of c«^rbon. A compound, therefore, in 
which this atomic group is present, cannot yield, when oxi- 
dized, an aldehyde, acid, or ketone with an equal number of 
carbon atoms in the molecule, but the result of such oxidation 
must be the breaking of the carbon chain,* and the formation 
of acids or ketones containing a smaller number of carbon 



73 


METHODS * OF FORMATION 

} 

atoms in the molecule. This being the behaviour of tertiary 
alcohols, the group • C-OH is peculiar to them. The existence 
of the three classes of alcohols finds in this way a thoroughly 
satisfactory explanation from theory. 

Secondary and tertiary alcohols were predicted by Kolbe in 
1869 from theoretical considerations (A. 113 , 301 ; 182 , 102). 

Among the isomeric alcohols the primary possess the highest, 
and the tertiary the lowest boiling-points (cf. p. 70). Similar 
generalizations appear to hold good for other physical pro- 

I ierties: specific gravity, specific refractive indices, and capil- 
arity constants. The tertiary have the highest melting-points. 

Determination of Constitution , — The determination of the con- 
stitution of any special alcohol is based largely on its method 
of formation and on its products of oxidation. E,g, Isopropyl 
alcohol may be obtained by the reduction of acetone (0113)2 
0:0, and must therefore have the constitutional formula 
(0H3)2.CH.0H, and not CHg.OHg.OH^.OH. This is con- 
firmed by the fact that on oxidation it yields the ketone 
acetone. 

Similarly isobutyl alcohol must be represented as (OHg^ 
OH-OHg'OH, since on oxidation it yields ^S(^butyric acid, 
the constitution of which is known to be (0113)2 -OH *00 -OH, 
A method of distinguishing primary, secondary, and tertiary 
alcohols is given on p. 100. Another method suggested is the 
action of dry potassium hydroxide at 230°. Primary alcohols 
give acids containing the same number of carbon atoms, 
secondary yield complex alcohols by condensation, and tertiary 
are unaffected {Ouerbet, C.R., 1912, 164 , 222, 713, 1487). 

Occurrence , — Different alcohols are found in nature free or 
combined with or^nic acids as esters in ethereal oils and waxes. 

I, General Methods of Formation, — 1. By “ saponification ” or 
“hydrolysis” of their esters, i,e, by boiling these with alkalis or 
mineral acids, or by the action of superheated steam, thus: — 

CoHft.CO-OCjjHfi-f KOH = CeH^-CO-OK C2H3OH. 

Ethyl benzoate Potassium benzoate. 

Some esters, e,g, ethyl hydrogen sulfihate, decompose when 
simply warmed with water: • 

CjH^.iOVSO^VOH = CjHg.OH + SO^OB)r 

Most of these processes of hydrolysing require some little 
time, and the est^r is boiled with the alkali (KOH solution) 
in a flask fitted with a reflux condenser. 
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2. From the halogen compounds C^Han+iX, and therefore 
indirectly from the paraffins and olefines (pp. 68 and 60). In 
the latter case secondary or tertiary alcohols, from Cg on, are 
obtained since the halogen of the haloid compounds becomes 
attached to that carbon atom to which the smaller number of 
hydro^n atoms are united. 

(а) By warming these, especially the iodides, with excess of 
water to 100°; sometimes by simply allowing the mixture tc 
stand (tertiary iodides) : 

CgHgl + H.OH = CjHfi.OH + HL 

When but little water is used, a state of equilibrium is 
reached as the reaction is reversible. These halogen com- 
^unds may also be termed the esters of the halogen hydracids, 
so that, strictly speaking, the mode of formation 2 a is in- 
cluded in 1. 

(б) Frequently by digesting with moist silver oxide (which 
acts here like the unknown hydroxide, AgOH), or by boiling 
with lead oxide and water: 

CjHgl + Ag.OH = CgHfi-OH + Agl. 

(c) Upon warming with silver or potassium acetate, the 
acetate of the alcohol in question is formed, and this is then 
hydrolysed : 

CjH J + CHj. COOAg = CHo. COOCoHj + Agl 
CHg-OOOCgHg + HOK = CgHg-OH + CHs-COOK. 

3. By the fermentation of the carbohydrates {e,g. grape-sugar), 
the alcohols with 2, 3, 4, 5, and, under certain conditions, even 
6 atoms of carbon are produced. (Yeast fermentation.) 

4. On treating the primary amines (see these) with nitrous 
acid: 

= C’,H,.OH + N, + HA 

6. From polyhydric alcohols by replacing several of the 
hydroxyl groups by hnlogen atoms, and then reducing the 
halogen derivative: ^ 

C3Hg(OH)3 + 2 HCl = C3H,Clg(OH) + 2 HgO. 

Glycerol Dichlor-hydrio. 

C,H*(OH)Cl, + 4H = C^H^-OH + 2 Ha. ‘ 

Isopropyl alcohol. 

Secondary alkyl iodides are often obtaiW by the action 
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of HI and P on polyhydrio alcohols, and these on hydrolysis 
yield secondary alcohols, e,g.\ 

C3H,(0H)3 — CaH,! -- C3H,.OH. 

Glycerol i-Propyl iodide b- P ropyl aloohoL 

C4 Ho(OH )4 — C4H0I — C4Hg.OH. 

Erythritol s-Butyl iodide s-Butyl alcoboL 

IL Special Methods of Formation. — 1. Primary alcohols are 
obtained from aldehydes by reduction with sodium amalgam 
and very dilute sulphuric acid {Wurtz); or with acetic acid 
and zinc dust, when the alkyl acetates are formed; 

CH3.CH:0+2H = CH3.CH2.OH. 

This reaction is somewhat similar to the reduction of an 
olefine to a paraffin. In both cases a double bond is converted 
into a single bond, and an atom of hydrogen is added on to 
each atom between which the double bond originally existed. 

Similarly from acid anhydrides (or esters, but not the free 
acids) and nascent hydrogen, or by the reduction of the acid 
chlorides, when an ester of the alcohol is formed by the action 
of the unreduced chloride on the alcohol. 

2. Secondary alcohols are formed by the action of nascent 
hydrogen (sodium amalgam) on the ketones, CnHjnO; 

CH3.CO.CH3 + 2 H = CHs.CH(OH).CHs. 

Pinacones are obtained here as by-products. (See Ketones.) 

3. Secondary alcohols are also formed by the action of 
aldehydes on dry ethereal solutions of magnesium alkyl 
halides (p. 124), and treating the product which results with 
water or dilute acid: 

CHg.CHrO + CHg.Mg.I = CH3.CH(OMgI).CH3 
CH3.CH(OMgI).CH3 + H.OH = CH3.CH(OH).CHs-f I-Mg-OH. 

4. Tertiary alcohols are formed by the action of («) ketones, 
\J)) acid chlorides, or (c) esters of organic acids, on magnesium 
alkyl halides (Orignard reagents^ pp. 124-7, Ann. Chim. 1901, 
24, 433), and decomposing the product® with water; 

(«) ^»>C:0 + CA.Mg.Br = 

OTf><0^igBr+HOH = ^p>0<g^. + Br.Mg.0H. 
(6) CH3.CO.Cl + 2CH3.Mg-I = (CH3)sC.O.MgI + MgICl. 

(c) CHo.CO.OCoH;+2CH3.Mg-Br 

= (CHj)3C.OMgBr + Br.Mg.QCjHj. 
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In (6) and (c) addition of OHg and MjgBr(I) to the C:0 group 
occurs just as in (a), but at the same time a Cl atom in (d) and 
an OEt group in (c) become replaced by CH«. These methods 
are a great improvement on the older method of acting on acid 
chlorides with zinc alkyls 

6. Secondary or tertiary alcohols sometimes ensue by the 
direct combination of an olefine with water, e.g, tertiary butyl 
alcohol, (CH8)3C*0H, from isobutylene. This often rives a 
simple method for converting a primary into a secondary or 
tertiary alcohol. 

The Nomenclature of the alcohols, especially of the secondary 
and tertiary, is based ujpon a comparison of them with methyl 
alcohol, also called carbinol. They are looked upon as carbinol, 
CHj-OH, in which the three hydrogen atoms are wholly oi 
partially replaced by alkyl radicals, thus: — 

Tertiary butyl alcohol, (0^)30 ‘OH = trimet^l carbinol: 

Secondary butyl alcohol, CHo*CH2*CH(OH)‘CH3, 

= CH(OHXCH5(CaH3), = methyl-ethyl carbinol 

The systematic name of the alcohols terminates in ^^ol” 
As examples: — 

CH3*CH3*CH2'CH2«0H Butanol. 

^>CH-CH(CH3)-CH(0H).CH3 2 : 3 -Diinethylpentan- 4 -ol. 

Behaviour, — 1. The typical hydrogen atom (p. 71) is replace 
able by metals, e.g, readily by K or Ka, less readily by Ca, Mg, 
or A1 with formation of alcoholates, EtONa, Mg(OEt) 2 , &c. : 

2 CjHfiOH -f 2 Na = 2 CjHfiONa + Hj. 

These react with water, giving rise to a state of equilibrium 
as represented in the equation 

Et-ONa + H-OH Et-OH + Na-OH. 

Briihl (B. 1904, 37, 2066) has described a method for pre- 
paring the compound CHg-ONa free from water and alcohol. 

Primary and secondii>ry, but not tertiary, alcohols combine 
with baryta and lime xo alcoholates at 130®. Crystalline com- 
pounds are formed with calcium chloride, so that this salt 
cannot be used for drying the alcohols ; these compounds are 
decoii^osed by water. ^ 

2. They enter into the composition of many compounds, as 

** alcohol of crystallization”. (See pp. 78 aLd 81.) ^ 

3. They react with acids both mineral and organic m some- 
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what the same manner as metallic hydroxides do, yielding 
alkyl salts or esters and water (cf. Esterification): 

KOH + CHa-CXlOH = CH3.COOK + HoO, 

Acetic acid. 

CjHftOH + CHs-COOH — CByCOOC^^ + Ufi. 

The methyl and ethyl estera derived from certain substituted 
benzoic acids, e.g. paranitrobenzoic acid, N02*03H4«C02H, are 
solids with definite melting-points, and are sometimes used in 
identifying small amounts of these alcohols. 

4. Dehydrating agents convert them into olefines. 

5. With halogen hydracids or phosphorus halides, they 
yield monohalide derivatives of the hydrocarbons (p. 61). 

6. For the behaviour of primary, secondary, and tertiary 
alcohols upon oxidation, see p. 71 et sea. 

Methyl alcohol is oxidized to carbon moxide as the primary 
product (formic acid) is itself readily oxidized. 

7. The primary, secondary, and tertiary alcohols can also be 
distinguished from one another by the behaviour of the nitro 
compounds, which are formed hy the action of silver nitrite 
on the iodides (cf. Meyer and Jacobson^ I, p. 221). 

8. Halogens do not substitute but oxidize. 

9. Many alcohols when heated with excess of soda lime 
yield the sodium salts of the corresponding acids. 

Methyl alcohol. Methanol, JFood Spirit, CHoOH, was dis- 
covered in wood-tar by Boyle in 1661, and its difference from 
oi’dinary alcohol recognized in 1812 by Phillips Taylor, Its 
composition was established in 1834 by Dumas and Piligot, 
It occurs as methyl salicylate in Oaultheria procumiens (oil of 
winter green, Canada), as butyric ester in the unripe seeds of 
Eeraclevm gigcmteum, and as ester of benzoylecgonin in cocain. 

Formation, — 1. By chlorinating methane, CH., and hydro- 
lysing the resulting methyl chloride (Berthelot), Methyl iodide 
may hydrolysed in a similar manner. 

2. fiy the destructive distillation of wood (beech, birch, or 

oak wood) at about 350®. # 

By this distillation there are obtained (a) Gases (CH4, CgH*, 
O0H4, 0^2, CsHe, O^H^, CO, CO2, H,). (b) An aqueous di^ 
tillate of ** pyroligneous acid”, containing methyl alcohol (1-2 
per ceni), acetic acid (10 per cent), acetone (0’l-0*6 per cent), 
methyl acetate, allyl alcohol, &c. (e) Wood-tar, containing parar 
ffins, naDhthalene,«phenol, raaiacols, &c, (d) Wood charcoal. 

3. Also by the d^ distiUation of vinasse. 
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It is prepared commercially from the crude pyroligneous 
acid by repeated distillation after neutralization with lime, 
and is purified by formation of the CaClg compound, which 
is a solid, and stable at 100"*; or, better, by transformation into 
the oxalic or benzoic ester, both of which are easy to purify 
and hydrolyse. 

Properties . — It is a colourless liquid, boils at 66°, and has a 
specific gravity about 0 * 8 . The alcohol of commerce usually 
contains acetone. It bums with a non-luminous flame, dis- 
solves fats, oils, &c., and acts as an intoxicant like ethyl 
alcohol. It also enters into the composition of compounds as 
** alcohol of crystallization”, e.g. BaO + 2CH^O; MgCL + 
6 CH4O ; CaClg + 4 CH4O (six-sided plates). It is readily 
oxidized to formic aldehyde and formic acid, being also con- 
verted into the latter when heated with soda-lime. Potassium 
methoxide, CHgOK, is a white crystalline powder, and forms 
a definite crystalline compound CHgOK + CHgOH. 

The anhydrous alcohol dissolves a small amount of dehy- 
drated cupric sulphate to a blue -green solution. Distilled 
over heated zinc dust, it decomposes almost quantitatively 
into CO -t- 2 Hg. 

Uses . — For tar colours — (also as CHJ and CHgCl); as 
methyl ether in the manufacture of ice; for polishes and var- 
nishes; as JFiggersheinCs preservative liquid; for methylating 
spirits of wine, &c. 

Ethyl alcohol. Ethanol, Spirits of WmSy CgHgOH. Liquids 
containing spirits of wine have been known from very early 
times, and their concentration either by distillation or hy 
dehydration with carbonate of potash is also an old art. We 
read of it as ** alcohol” in the sixteenth century. Lavoisier 
arrived at the qualitative, and de Saussure in 1808 the quanti- 
tative composition of alcohol. 

In the vegetable kingdom alcohol is only found occasionally, 
as ethyl butyrate, but in the animal kingdom it occurs in 
various forms, e.g. in diabetic urine. It is also present in 
small quantity in coal, tar, bone oil, wood spirit, and bread, 
fresh English bread qpntaining 0*3 per cent. 

Forrmtim. — 1. From CgH^ by conversion into CgHgCl and 
hydrolysis of the latter according to modes of formation 1 
and 2. ^ 

2. Ethylene and concentrated H2SO4 react at 160 °, yielding 
ethyl hydrogen sulphate, %> 

CgH4 + HgS 04 = CjHgHS 04 ; 
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and this when boiled with water gives ethyl alcohol. (See 
pp. 46 and 73.) This method was discovered by Faraday ^ and 
corroborated in 1855 by Bertll^ht 

3. By the reduction of acetaldehyde 

CHa-CH.-O + SH = CHs-CHa-OH. 

4. Preparation by the Alcoholic Fermentation of Sugar , — ^Directly 

from grape and fruit sugars, and indirectly from cane 

sugar, Ci2H220p, after previous hydrolysis to two molecules of 

also indirectly from malt-sugar, from starch, &c. 

Fermmtations are peculiarly slow decomposition-processes of 
organic substances which are accompanied, as a rule, with libera- 
tion of gas and evolution of heat, and which are induced by 
micro-organisms, or by complex organic nitrojgenous substances 
(enzymes) of animal or vegetable origin. The alcoholic fer- 
mentation of sugar, i.e, the fermentation which produces spirit, 
is caused by the varieties of the genus SaccharomyceSy the yeast 
fermenty which forms small oval microscopic cells, multiplying 
by gemmation. As plants, these require for their sustenance 
inorganic salts, e.g. phosphates, potassium salts, and nitrogen 
in the form of ammonium salts, but, as non-assimilating fungi, 
no carbon dioxide. 

In the vinous fermentation 94 to 95 per cent of the sugar 
lireaks up into alcohol and carbon dioxide, 

CeHijOe = 2C2HeO -f 2 CO 2 , 

with 2*5 to 3*6 per cent glycerol, 03X15(011)3, and 0*4 to 0*7 
per cent succinic acid, 04830^, as invariable by-products. In 
addition to these, most of the higher homologues of ethyl 
alcohol are also formed — the so-call^ fusel oil — the latter re- 
sulting largely from the presence of foreign micro-organisms. 

The chief constituent of fusel oil is fermentation amyl 
alcohol (isobutyl carbinol), CgHjiOH, but it has also been 
proved to contain the two propyl alcohols (chiefly isopropyl), 
normal, iso, and tertiary butyl alcohols, normal and active 
amyl alcohols, together with higher jjomologues and esters. 
They can be separated by means of their hydrobromic esters. 

Conditions of Fermentation, — Ferment&tion can only go on 
between the limits of 3** and 35° the most favourable tempera- 
ture being between 25° and 30°. The solution must not be 
too concentrated, as the organism cannot live in a solution of 
alcohol of greater qpncentration than 14 per cent; the presence 
of air is hot strictly necessaiy, but it has a favouring influence. 
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Yeast loses its activity upon the addition of any reasents 
which destroy the cells, also when it is thoroughly dried, 
when heated to 60^, when treated with alcohol, acids, and 
alkalis; the addition of small quantities of salicylic acid, 
phenol, corrosive sublimate, &c., also prevents fermentation. 

For a number of years it was thought that the presence of 
the living yeast plant, or of some other similar organism, was 
essential for the production of alcoholic fermentation. The 
recent work of JS. Buchner (B* 1897, 32, 2086, 2372; 1898, 
33, 971, 2764) has shown that the fermentation is brought 
about bv an enzyme called Zyrmse^ which is contained in the 
cell. If the yeast cells are crushed with “Kieselgiihr” (a 
siliceous earth) and water, so that the cell walls are broken, 
and the mass then filtered through a Chamberland filter under 
considerable pressure, an extract is obtained which, although 
practically free from yeast cells, can yet induce alcoholic fer- 
mentation. The zymase is relatively unstable and easily de- 
composed, e.g. when the solution is heated or even kept for 
some time, but it may be preserved by the addition of certain 
antiseptic substances, such as chloroform, thymol, &c., which 
readily kill the yeast plant itself. (Compare Chap. XLVIII.^ 
Buchner’s researches indicate that fermentations induced % 
organized ferments are probably due to certain unorganized 
ferments (enzymes) contained in the cells of the organism. 

The following materials are used for the preparation of 
alcohol or of liquids containing alcohol: — 

(a) Grape-sugar, fruit-sugar, i.e, grapes and other ripe fruits, 
for wine, &c. (^) Cane or beet sugar and molasses for brandy. 
Solutions of cane-sugar are fermented by yeast, since ordinary 
yeast always contains small amounts of an enzyme (invertas^^ 
which can hydrolyse cane-sugar to glucose and fructose : 

“f" HjO = CoHjjOq -f- C0H12O0, 

and these are then directly fermented by the yeast organism, 
(c) The starch of cereals for beer and corn brandy, and of 
potatoes for potato brandy. The starch is first converted into 
malt-sugar and dextrine under the influence of diastase, or 
into grape-sugar, by bOiling with dilute acids, and these sugars 
are then fermented. 

The transformation of starch into malt-sugar (mal(ose) and 
dextrine is a typical example of fermentation by an enzyme^ 
Che special enzyme in this case being diastase, a complex organic 
nitrogen derivative produced during the germinaticn of the 
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barley in the process of malting. The transformation of the 
starch into maltose, &c., is in reality a process of hydrolysis 
induced by the ferment. The maltose C12H22O11 in its turn 
is hydrolysed by a second ferment (maltose) to grape-sugar, 
GpH^2^6’ then transformed into alcohol and car^n 

dioxide. 

A wine of medium strength contains 8^ to 10 per cent 
alcohol, port wine 15 per cent, sherry up to 21 per cent, 
champagne 8 to 9 per cent^ and beer an average of 2 to t> 
per cent. 

The different varieties of brandy or spirits obtained by 
“ burning ”, i.e, by distilling fermented liquids, contain 30 to 
40 per cent alcohol, and cognac even over 50 per cent. 

Purification of alcohol. It is difficult to separate alcohol 
completely from water by distillation, since their boiling-points 
are only 22® apart from one another. Even after repeated 
rectification the distillates are found to contain water. The 
same reason applies to the difficulty of separating alcohol from 
its higher homologues (fusel oil). From an alcohol containing 
30 per cent of water tne fusel oil can be extracted by chloro- 
form. 

On the large scale this separation is excellently effected by 
the use of dephlegmators or fractionating columns, which are 
based upon the principle of partial volatilization and partial 
pooling of the vapours {Adam and Berard; improved by Savalie, 
Pistoriusy Coffey^ and others). In this way an alcohol containing 
98 to 99 per cent can be obtained. 

Aqueous alcohol can be deprived of the greater part of its 
water by the addition of strongly heated carbonate of potash 
or anhydrous copper sulphate, or by distillation over quick- 
lime, and the last portions can be extracted by baryta, or by 
several additions of metallic calcium and repeated distillation. 
Alcohol containing water becomes turbid on being mixed with 
benzene, carbon bisulphide, or liquid paraffin oil, and it gives 
a white precipitate of Ba(OH)2 on the addition of a solution 
of BaO in absolute alcohol, and is capable of restoring the 
blue colour to anhydrous copper sulphatd Alcohol free from 
water is termed absohde alcohol. Ordinhry absolute alcohol 
usually contains at least 0*2 per cent of water* 

Contra^ion takes place on mixing alcohol and water 
together, 53*9 volumes alcohol + 49*8 volumes water giving, 
not 103*7, but 100 volumes of the mixture. The percentage 
of alcohol iin any spirit is determined either from its specinc 
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gravity by reference to a specially -calculated table, or by 
areometers of particular construction, or by its vapour tension 
as estimated by Qeisslei^s vaporimeter. 

Properties . — It is a colourless mobile liquid with character- 
istic spirituous odour; boils at 78*3°, or at 13° under 21 mm. 
mercury pressure. Solidifies at —112*3°, and has sp. gr. 0*79 
at 15°. It burns with an almost non -luminous flame, is 
exceedingly hygroscopic, and miscible with water and with 
ether in all proportions. Forms several cryo-hydrates with 
water (-fl2Aq., -f3Aq., +JAq.). Is an excellent solvent 
for many organic substances such as resins and oils, and also 
dissolves sulphur, phosphorus, &c., to some extent. With 
concentrated sulphuric acid it yields, according to the con- 
ditions, ethyl hydrogen sulphate, ether, or ethylene. It dif- 
fuses through porous membranes into a dry atmosphere more 
slowly than water, and coagulates albumen, being therefore 
used for preserving anatomical preparations. 

It is very readily oxidized by the oxygen of the air, either 
in presence of finely-divided platinum or in dilute solutions 
in presence of certain ferments, first to aldehyde and then to 
acetic acid; thus, beer and wine become sour, but not the 
pure alcohol itself. KgCrnOy or MnOg + HgSO^ oxidize it 
in the first instance to aldehyde; fuming nitric acid attacks 
it with explosive violence, yielding numerous products; but, 
by the action of colourless concentrated HNOg, ethyl nitrate 
can be obtained under suitable conditions ; in dilute solution 
glycollic acid is formed. Alkalis also induce a gradual 
oxidation in the air; thus, alcoholic potash or soda solutions 
quickly become brown with formation of aldehyde resin, this 
latter resulting from the action of the alkali upon the alde- 
hyde first produced. Alcoholic potash therefore frequently 
acts as a reducing agent, e.g. upon aromatic nitro-compounds. 
(See these.) Chlorine and bromine first oxidize alcohol to 
aldehyde and then act as substituents. (See Chloral.) 
Chlorinated alcohols can therefore only be prepared indirectly 
(cf. Ethylene chlorhydrin). When the vapour of alcohol is 
led through a red-hox tube, H, CH4, C2H4, CgHg, CgH^ 

CO, C2H4O, &c., are formed. 

Of the compoundfs containing alcohol of crystallization may 
be mentioned, KOH + 2 CnfinO, LiCl + 4 CoHLO, CaCL 
+ iC^HgO, and MgCL + 6C^HgO. 

Sodium ethoxide, C2H50Na, is of special importance among 
the alcoholates. It is formed by the action of sodium upon 
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absolute alcohol. The crystals of CgHg-ONa + 2 02Hjj0, at 
first obtained, lose their alcohol of crystallization at 200"" and 
change into a white powder of CoHgONa. (See also Brilhl,) 
Sodium ethoxide is of especial value for syntheses, and can 
frequently be employed in alcoholic solution. This compound 
is sometimes termea sodium ethylate, but the better name is 
ethoxide, in order to indicate its close relationship to sodium 
hydroxide, NaOH. 

When taken in small quantity alcohol acts as a stimulant, 
in larger quantity as an intoxicant. Absolute alcohol is 
poisonous, and quickly causes death when injected into the 
veins. The presence of considerable amounts of fusel oil has 
detrimental physiological effects. 

Detection of AlcoJioL — 1. By the iodoform reaction* (see Iodo- 
form), when 1 part in 2000 of water can be recognized. 

2. By means of benzoyl chloride, C^HgCOCl, which yields 
with alcohol the characteristically smelling ethyl benzoate; or 
of ^nitrobenzoyl chloride, which yields ethyl ^nitrobenzoate 
melting at 67°; the corresponding methyl ester melts at 97°. 

Propyl alcohols, CjHyOH. 

1 . Normal propyl alcohol, l-Propanol, CHg-CHg-CHg-OH 
{Chancel, 1863), is obtained from fusel oil by means of its 
hydrobromic ester {Fittig), or directly by fractionation. It 
has also been obtained from propionic aldehyde and propionic 
anhydride by reduction with scdium amalgam {Rosd), It is 
a liquid with a pleasant spirituous odour, and boils 19° higher 
than ethyl alcohol. It is miscible with water in all propor- 
tions, but may be salted out on addition of calcium chlonde. 
Its constitution follows from that of propionic acid, into which 
it is converted on oxidation. 

Of the higher alcohols, w-butyl alcohol, 

CHg-OH, mav be obtained from the fusel 
certain special species of yeast {Saccharomyces ellipsoidius) are 
used in the alcoholic fermentation. 

Isobutyl carbinol, (0113)2 :CH-CH2'CH2- OH, is the chief 
constituent of the so-called “fermentation amyl alcohol” 
obtained by fractional distillation of fusel oil, the other con 
stituent being secondary butyl carbinol, 

^ C2H5 . CH(CH3) . CHj . OH. 

This latter, on account of its action on polarized light, is 

* Acetaldehyde, acetoifh, and isopropyl alcohol also give this reaction, 
but not metnyl alcohol. 


CHo.CH«.CH2. 
oil formed when 
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generally known as active (i.e. optically active) amyl alcohol. 
It is lasvo-rotatory, i.e, rotates the plane of polarization to the 
left (cf. active valeric acid), and has [a]u— 5*9® at 20®. 

Normal hezadecyl-alcohol, or cetyl alcohol, forms as 
palmitic ester the chief constituent of spermaceti. The cetyl 
alcohol of commerce contains, in addition, a homologous alco- 
hol, CjgHggO. 

Ceryl alcohol, Cerotin, CggHggOH, forms as cerotic ester 
Chinese wax. 

Melissic, or miricyl alcohol, Cg^Hg^OH, is present as palmitic 
ester in bees’-wax and in Carnauba wax (from leaves of Brazilian 
palm), and is most conveniently prepared from the latter. The 
alcohols are obtained from all tnese esters (wax varieties) by 
hydrolysis with boiling alcoholic potash. 

B. Monohydrie Unsaturated Alcohols, CnH^-iOH 

These are very similar to the saturated alcohols both in 
physical properties and in general chemical behaviour, but are 
sharply distinguished from the latter by the formation of addi- 
tive compounds with hydrogen, halogens, halogen hydracids, 
(%c., e,g.: 

CHgtCH.CHa.QH + Bra = CHgBr.CHBr.CHj.OH. 

They thus resemble the olefines owing to the presence of a 
double bond, and the products are saturated alcohols or their 
halide derivatives, the latter of which cannot be prepared 
directly by substitution of the alcohols. These unsaturated 
alcohols are to be considered as olefines in which an atom of 
hydrogen is replaced by hydroxyl. 

According to theory, the existence of alcohols which contain 
the hydroxy-methylene group, :CH(OH), linked to a carbon 
atom by a double bond, might be preaicted. To this class 
belongs vinyl alcohol (ethenol\ CH:CH'OH, which occurs 
in commercial ether, but which has not yet been isolated 
(B. 22, 2863), although derivatives of it are known. By the 
reactions in which* one would expect it to be formed, its 
isomer, CHg-CHO^ (acetaldehyde), is formed; in fact, the 
^ouping :C:GH<011 is usually unstable, passing as it does 
into the more stable one, :CH»0H:0, a transformation which 
is most readily explained upon the assumption that water is 
taken up and again split off. Similarly, instead of the group 
CHg:C(OH)*CHj, we always get CHg^Cb^CHj. v 
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Allyl alcohol (hPropem-3-ol% CHarCH-GHjOH (Cahours 
and Hofmann, 1856), is present to the extent of 0*1 to 0*2 per 
cent in wood spirit, and is formed (1) from allyl iodide; (2) by 
reduction of its aldehyde, acrolein (see this); (3) by heating 
glycerol, C 8 H 5 (OH) 3 , with oxalic or formic acid and a little 
ammonium chloride to 220° 

Cf. Formic Acid (p. 154). The first product is glyceryl 
monoxalate (1), which loses COg, forming glyceryl monofor- 
mate or monoformin (2). 

CHa-OH CHa-OH CHa-OH CHa-OH 

CH-OH CH.OH (1) — CH • iOH ; (2) — CH 

CHj.OH CHa-O-CO-COaH CHa-jo-COHi CHa, 

and this when heated to the required temperature, 220°, 
decomposes into COg, HjO, and allyl alcohol. Allyl alcohol 
is a mobile liquid of suffocating smell, having almost the same 
boiling-point (97°) as w-propyl alcohol; like the latter, it is 
miscible with water. It does not take up nascent hydrogen 
directly, but chlorine, bromine, cyanogen, hypochlorous acid, 
&c. If cautiously oxidized, it yields glycerol, but stronger 
oxidation converts it into its aldehyde, acrolein, and acid, 
acrylic acid, containing the same number of carbon atoms, 
and it is therefore a primary alcohol; hence the above con- 
stitutional formula, 

C. Monohydric Unsaturated Alcohols, 

These alcohols are derivatives of acetylene and its homo- 
logues. The compounds possess: — (1) The characteristic pro- 
perties of alcohols. (2) The properties of unsaturated com- 
pounds. Each molecule of such an alcohol can combine with 
1 or 2 molecules of a halogen or halogen hydracid. (3) Most 
of them possess the further peculianty of forming explosive 
compounds with ammoniacal copper and silver solutions, 
e,g, CgH^gOH, the former being coloured yellow and the 
latter wnite; acids decompose these compounds into the un- 
saturated alcohol. Those of them which do not yield such 
metallic compounds contain, not a triple bond, but two double 
ones between the carbon atoms. The most important of these 
alcohols is — 

Propargyl alcohol,^or jpropmyZ alcohol {l-Propin-3-ot), 
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a mobile liquid of agreeable odour, lighter than water, and 
boiling at 114®, i,e, somewhat higher than normal propyl 
alcohm. 

For further examples of unsaturated alcohols, see Open- 
chain Terpenes (Chap. XLI, A). 


IV. DERIVATIVES OF THE ALCOHOLS 

These may be classed in the following divisions : — 

A. Ethers of the alcohols, or alkyl oxides, e.g. CoH^'O-CnH., 
ethyl ether. 

B. Thio-alcohols and ethers, or alkyl hydrosulphides and 
sulphides, e.g, OgH^-SH and (C 2 H 5 ) 2 S. 

C. Nitrogen bases of the alcohol radicals. 

D. Other metalloid compounds of the alcohol radicals. 

E. Metallic compounds of the alcohol radicals, or organo- 
metallic compounds. 


A. Ethers Proper (Alkyl- or Alphyl-Oxides) 


The ethers of the monohydric alcohols are compounds of 
neutral character derived from the alcohols by elimination of 
the elements of water (1 molecule water from 2 molecules 
alcohol). They can frequently be prepared by treating the 
alcohols with sulphuric acid, and are mstinguished from the 
latter by not reacting with acids to form esters, and by being 
substituted and not oxidized by the halogens, &c. Only the 
lowest member of the series is gaseous, most of them are 
liquid, and the highest are solid. The more volatile ethers 
are characterized by a peculiar odour which is not shown by 
the higher members. 

Constitution , — The hydrogen atoms cannot be replaced by 
sodium or other metallic radicals (see p. 18), and are all 
presumably attached to carbon. 

Their structure as alkyl oxides, or anhydrides of mono- 
hydric alcohols (eft metallic oxides), follows largely from 
modes of formatioi» 2 and 3, from the non-reactive character 
of the hydrogen atoms, and from reactions 4 and 5, p. 88. 


K.OH 

KOiH 


K2O “b H2O; 


CaHgOH _ 
CySftO.H “ 


C 2 H 

CjH 


pX)-^H,0. 


The alkyl groups contained in them may either be the 
same, as in o^^ary ether and in methyl ether, 1 [CH 3 ) 20 , in 
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which case they are termed simple ethers”; or they may be 
different, as in methyl-ethyl ether, CHg-O-CgHg, when they 
are known as “mixed ethers”. 

Ethers derived from tertiary alcohols are not known. 

Modes of Formation, — 1. By heating the alcohols, CnHto+i-OH, 
with sulphuric acid. The reaction proceeds in two phases, e,g,\ 

(a) CoHg.OH -f OH-SOj-OH = OH-SOa-OCoH. -f H-OH. 

(b) OH.SOj.OCgHfi+CjHg-OH = OH.SOg-OH + CaHg.O-CjHfi. 

In phase a an alkyl hydrogen sulphate is formed, which, 
when further heated with alcohol, as in 6, yields ether and 
regenerates sulphuric acid. The latter is therefore free to 
work anew, and in this way to convert a very large quantity 
of alcohol into ether. 

This process is theoretically a continuous one, but practi- 
cally it has its limits, through secondary reactions, such as the 
formation of SOg, &c. A modification of the method consists 
in heating the alcohol with benzene - sulphonic acid C-Hg* 
SOg'OH in place of sulphuric acid. No sulphur dioxide is 
formed, and the reaction becomes in reality continuous. The 
method is only suitable for primary alcohols; secondary and 
tertiary under similar conditions yield olefines. Hydrochloric, 
hydrobromic, and hydriodic, among other acids, act similarly tc 
sulphuric acid ; thus ether is obtained when alcohol is heated 
with dilute hydrochloric acid in a sealed tube to 180®, ethyl 
chloride, CoHgCl, being formed as an intermediate product 
When alconol is heated with hydrochloric acid, a state of 
equilibrium is established between the alcohol, other, ethyl 
chloride, hydrochloric acid, and water, after which the same 
quantity of each of these products is destroyed as is formed 
in unit of time. 

For preparation from alcohols and AlgOg or alum, cf . XLIX, B. 

2. By the action of alkyl halides on sodium-alkylate, or 
also upon alcoholic potash: 

CgH.T-fCgHfi.ONa = CgH^.O-CgHg + Nal. 

3. From alkyl halides and dry silver oxicfj, or mercuric oxide : 

2C2HJ + AggO = CgH^.O-CgH^ -f 2 AgI. 


Modes o> formation 1 and 2 yield mixed as well as simple 
ethers, e,g,\ 

C^f-S 04 H + aH3.0H = C2H6.0.CH, + H^ 04 . 
cM + CHj.ONa = CfiHu.O.CHa + 14 l 
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Properties, — 1. The ethers are very stable, e,g, ammonia, 
alkalis, dilute acids, and metallic sodium have no action upon 
them, nor has phosphorus pentachloride in the cold. 

2. When superheated with water in presence of some acid, 
such as sulphuric, the ethers take up water and are retrans- 
formed into alcohols, the secondary more readily than the 
primary; this change also proceeds, but extremely slowly, 
at the ordinary temperature. 

3. When warmed with concentrated sulphuric acid, alcohol 
and ethyl hydrogen sulphate are formed: 

= C2H5.OH-l-C2H5.HSO4. 

4. When saturated with hydriodic acid gas at 0®, the ethers 
3 rield alcohol and alkyl iodide: 

C2H5.0.C2H5-hHI = C2H5.OH-I-C2H5I. 

When the ethers are mixed ”, the iodine attaches itself to 
the smaller alkyl OTOup ; further interaction yields, of course, 
two molecules of alkyl i<^ide. 

5. When heated with phosphorus halides the oxygen atom 
is replaced by two halogen atoms, and two molecules of an 
alkyl halide are formed. 

6. Like the alcohols, the ethers are oxidized by nitric and 
chromic acids, but halogens substitute in them and do not 
oxidize; in this latter respect they resemble the hydrocarbons. 

7. Many ethers form definite compounds with acids, especially 
complex acids like H 4 FeC 5 N 5 (B. 1901, 34, 2688); also with 
bromine, with metallic salts, &c. (J. C. S. 1904, 85, 1106; Proc. 
1904, 165). 

Etliyl ether, Ethane-oxy-ethane, '^Ether^* 
covered by Valerius Cordus about 1544, and possibly before 
that time by Baymojid LuUy, It was also called sulphuric 
ether ”, and “ vitriol ether ”, on account of its being supposed 
to contain sulphur. Its composition was established by Saus- 
sure in 1807, and Gay-Lussac in 1815. 

Preparation , — ^By the continuous process from ethyl alcohol 
and sulphuric acid at 140®, with gradual addition of the 
alcohol, according^ to Boullay, It is freed from alcohol by 
shaking with water, and dried by distillation over lime or 
calcium chloride, and finally over metallic sodiuu. 

Theories of the Formation of Ether, — ^At first the action of the 
sulphuric acid was considered to consii^ in an abstraction of 
water. Later on, it was thought that the acid ^ave rise to 
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a contact action {Mitscherlich^ Berzdiu8\ but lAdng showed 
that this view was incorrect, since ethyl hydrogen sulphate is 
formed. Liebig assumed that the ethyl hydrogen sulphate 
decomposed, when heated, into ether and SO3; but Oraham, on 
the other hand, proved that the acid gives no ether when 
heated alone to HO"", but only when heated along with more 
alcohol. 

After this, Williamson propounded the theory of etheri- 
fication at present held, a theory based on the opinion of 
Laurent and Oerhardt that ether contains two ethyl radicals. 
Its correctness was proved by mode of formation 2, and also 
by the preparation of mixed ethers. 

Properties, — It is a mobile liquid with powerful ethereal 
odour, and is very volatile, even at the ordinary temperature. 
It melts at — 113 , boils at +34*9°, has specific gravity = 0*72 
at 17*4°, and at 120° has a vapour pressure of 10 atmospheres. 
It produces considerable lowering of temperature when evapo- 
rated. It IS easily inflammable, and therefore dangerous as a 
cause of fire, from the dissemination of its very heavy vapour; 
a mixture of it with oxygen or air is explosive. It is some- 
what soluble in water (1 part in 10), and, conversely, 3 volumes 
of water dissolve in 100 volumes of ether; the presence of 
water can be detected by the milkiness which ensues upon the 
addition of carbon disulphide. Ether is an excellent solvent 
or extractive for many organic substances, and also for I^, 
Brg, Cr03, FeClg, AuClg, PtCl4, and other chlorides. It forms 
crystalline compounds with various substances, e,g. the chlorides 
and bromides of Sn, Al, P, Sb, and Ti, being present in them 
as “ ether of crystallization ”. 

When dropped upon platinum black it takes fire, and when 
poured into chlorine gas an explosion results, hydrochloric acid 
being set free. In Sie dark, however, and in the cold, sub- 
stitution by chlorine is possible; the final product of the 
substitution, perohloro-euier, C^CI^qO, is solid and smells 
strongly like camphor. 

Ether was first employed as an ansestHetic by Simpson in 
1848, but this property had been previously observed by 
Faraday, It is further used as an extractive in the colour 
industry, a% Hofmann's drops when mixed with 1 to 3 volumes 
of alcohol, for ice machines, and for the preparation of collo- 
dion, &C. 

Methyl ether, (CH^sO (Dumas^ Piligot)^ closely resembles 
common ether, is gaseous at the ordinary temperature, but 
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liquid under —20°, and is prepared on the large scale for 
the production of artificial cold. 

Ethyl-cetyl- and dicetyl ethers are solid at the ordinary 
temperatures. 

Several ethers with unsaturated alcohol radicals are also 
known, t,g, allyl ether, (03115)20, and vinyl-ethyl ether, 
C-^Hg-O *05^115. B.-pt. 35 °- 5 . These can combine directly 
with bromine. 

Isomers. — The general formula of the saturated ethers is 
CnHjn+aO. Isomeric with each ether is a saturated alcohol, 
thus CjHgO = methyl ether or ethyl alcohol, O4H1QO = di- 
ethyl ether or butyl alcohol. From 6411^30 on, however, 
several different isomeric ethers are not only possible, but are 
also known, «.y. di-ethyl ether, (02115)20, is isomeric with 
methyl - propyl ether, CH3i.O*08H7; similarly methyl -amyl 
ether, OHo-O-^Hji, ethyl-butyl ether, 02H5‘0*04H^, and 
dipropyl-ether, C^Hy-O'OoH^, are all isomeric. Isomensm of 
this land depends upon the fact that the alkyl radicals — and 
hydrogen — are homologous, so that if the numbers of carbon 
atoms are equal, so also must be the numbers of hydrogen. 

Such isomerism in which the compounds belong to the same 
class and differ only in the nature of the alkyl group present 
is termed metamerism. 

The determination of the constitution of the ethers is based 
upon (a) their syntheses according to modes of formation 1 or 2, 
and (J) their decomposition by HI according to Eeaction 4 . 

Faneties of Isomerism , — The cases of isomerism which have 
been mentioned up to now are of three kinds. The first was 
the isomerism of the higher paraffins, which, since it is based 
upon the dissimilarity of the carbon chains, is often termed 
ohain-isomerism. The isomerism between ethylene and ethyl- 
idene chlorides or between primary and secondary propyl 
alcohols depends upon the differences in position of the substi- 
tuting halogen or hydroxyl in the same carbon chain, and is 
termed position isomerism. In addition to these there is the 
third kind, metamirism. Further cases will be spoken of 
under the Benzene derivatives. 

B. Thio-alcohols and -ethers « 

The relationship between oxygen and sulphur, indicated by 
their positions in the periodic classificatTon of the^elements, is 
supported by a study of their carbon derivatives. We have 
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a group of sulphur compounds analogous to the monohydric 
alcohols. These are known as thio-alcohols or “thiols”. 
Similarly a group corresponding with the ethers is known as 
the thio- ethers or alkyl sulphides. These are liquids of a 
most unpleasant and piercing odour, something like that of 
leeks ; they are nearly insoluble in water, and the lower mem- 
bers are very volatile. The higher homologues are not so 
soluble in water, but continue to be soluble in alcohol and 
ether, and their smell is less strong on account of the rise in 
the boiling-point. They are readily inflammable. 

The thm-aloohols, also called mercaptans or alkyl hydro- 
sulphides, e,g, mercaptan, ethan-thiol, C 2 H 5 -SH, although of 
neutral reaction, possess the chemical characters of weak acids 
and are capable of forming salts, the “ mercaptides ”, especially 
mercury compounds. The name “ mercaptan ” is derived from 
“ corpus mercurio aptum ”. They are soluble in a strong solu- 
tion of potash, and their boiling-points are distinctly lower 
than those of the corresponding alcohols. The thio-ethers, 
also termed alkyl sulphides, e,g. ethyl sulphide, (C 2 Hj^) 2 S, are 
on the other hand neutral volatile liquids without acid char- 
acter. 

Both classes of compounds are derived from hydrogen 
sulphide by the replacement of either one or both atoms of 
hydrogen by alkyl groups, just as alcohol and ether are derived 
from water: 

1 }^- 

The boiling-points are methyl mercaptan 6°, ethyl mercap- 
tan 36°, methyl sulphide 37°, ethyl sulphide 92°. 

The constitution of these compounds follows at once from 
their modes of formation. 

Formation , — The mercaptans may be obtained — 

1. By warming an alkyl halide or sulphate with potassium 
hydrosulphide in concentrated alcoholic or aqueous solution : 

CjH^Br-f KSH = CjHg.SH^KBr. 

2. By heating alcohol with phosphorus^pentasulphide, the 
oxygen being thus replaced by sulphur (KekuU), 

The thiorethers are similarly obtained — 

1. From^^an alkyl halide or potassium alkyl sulphate and 
normal potassium sulphide: 

2 e 8 H 5 .S 04 K + KgS = (C2Hfi)2S + 2 K 2 SO,. 
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2. By treatinff ethers with phosphorus pentasulphide. 

“ Mixed sulphides ”, comparable with the “ mixed ethers ”, 
can also be prepared, e.g, methyl-ethyl sulphide, 

Behaviour, — A. The Meroaptans. 

1. Sodium and potassium act upon the mercaptans to form 
sodium and potassium salts, white crystalline compounds, 
which are decomposed by water. The mercury salts are ob- 
tained by warming an alcoholic solution of mercaptan with 
mercuric oxide, e,g, mercuric mercaptide, Hg^OgH^S)^ (white 
plates). With mercuric chloride smringly soluole double com- 
pounds are formed, e,g, (C«H5*S)Hg*Cl, a white precipitate. 
The lead salts are yellow-coloured, and are formed when alco- 
holic solutions of a mercaptan and of lead acetate are mixed. 

2. When oxidized with nitric acid the mercaptans are 
transformed into alkyl-sulphonic acids: 

C^j.SH + 30 = (ethyl-sulphonic acid). 

3. The mercaptans in the form of sodium salts are oxidized 
bv iodine or by sulphuryl chloride, SOgClg (B. 18, 3178), and 
also frequently in ammoniacal solution in the air to disulphides, 
e,g, ethyl disulphide, (02115)282, thus: — 

2C2H5S-Na + l2 = C2H6-S-S.CaH5 + 2NaL 

These are disagreeably-smelling liquids, which have much 
higher boiling-points than the mercaptans. They are reduced 
by nascent hydrogen, and with nitric acid yield disulphoxides, 
e]g, ethyl disulphoxide, (02^)28202. 

B. The Thio-ethers. — 1. They yield additive compounds 
with metallic salts, e,g, (02115)28, EfgOlg, which can be crystal- 
lized from ether. 

2. They are capable of combining with halogen or oxygen. 
Thus ethyl sulphide forms with bromine a dibromide, 
((LH5)28:Br2, c^stallizing in yellow octohedra, and with 
dilute nitric acid, diethjd sulpnoxide, (02115)28:0, a thick 
liquid soluble in ^ater, which combines further with nitric 
acid to the compound, (03115)280, HNO3. Ooncentrated 
nitric acid or pot&sic permanganate oxidizes the sulphides 
or sulphoxides to sulphones, e,g, ethyl sulphide to (di)-6thyl 
sulphone, (02H5)280n, and methyl-ethyl sidphide«to methyl- 
ethyl sulphone, (0H3)(02H5)802. The sulphones are solid 
well-characterized compounds which ^boil without decom- 
position. * 
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The sulphoxides are reduced by nascent hydrogen to 
sulphides, hut not the sulphones. 

3. The behaviour of the sulphides towards the alkyl halides 
is of especial interest. Thus the substances (0113)28 and CHJ 
combine even in the cold to the white crystalline trimethyl- 
sulphine iodide, (CHXSl, or trimethyl-snlphonium iodide, as 
it is now generally called in order to emphasize its similarity 
to the ammonium salts; this is soluble in water, and when 
heated is resolved into its components. It behaves exactly 
like a salt of hydriodic acid, and yields with moist silver oxide 
— (but not with alkaU)— an oily base, trimethyl-sulphonium 
hydroxide, (CH3)j^*OIl, which cannot be volatilized without 
decomposition. This is as strong a base as caustic potash, 
and resembles the latter so closely that it absorbs carbon 
dioxide, cauterizes the skin, drives out ammonia, and gives 
salts with acids even with hydrogen sulphide; these latter 
closely resemble the alkali sulphides, e.g. they dissolve Sb2S3 
(Oefelej 1833; Gahours). 

The compounds just described are of particular interest with 
rega^ to the question of the valency of sulphur. 

^e readiness with which these sulphur compounds are 
oxidized, and the ease with which they yield additive com- 

r unds, is undoubtedly due to the readiness with which the 
atom passes from the di- to the tetra- or hexa-valent state. 

The sulphoxides are — 


the sulphones — 


C2H3 

C2H3. 


>S:0, 






the sulphonic acids- 




/OH 

C3H3.S^ 


or 


OH 

.0- 

Knstard gas, or /8/8'-dichloroethyl sulphide, (CHjCl« 0112)28, 
was manufactured in large quantities by the following reaction 
for use as « poison gas during the war: — 

2CHj:CHj + SjClj — (CHja.CHgljS + S. 

» {Gibson and Pope, J. C. S., 1920, 117, 271.) 
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Since in ethyl sulphide both the alkyl radicals are bound 
to the sulphur, this will also be the case in ethyl sulphone, 
otherwise the sulphones would manifestly be easily saponi- 
fiable. (See Ethyl-hydrogen sulphite.) The sulphonium hy- 
droxides also can only be explained very insufficiently as 
molecular compounds, on the assumption of the divalence of 
sulphur. The formula (CH3)2S + CH3OH for trimethyl- 
sulphine hydroxide does not inaicate in the least the strongly 
basic character of this substance, since it is not explicable ^y 
the mere addition of the neutral methyl alcohol to the equally 
neutral methyl sulphide should produce such an effect. 

With respect to isomers, the same general conditions prevail 
in the sulphur as in the corresponding oxygen compounds. 

SULPHIDES OP UNSATUBATED ALCOHOL RADICALS 

AUyl sulphide, (CgHg)^ (Wertheirriy 1844), present in the 
oil of Allium sativum — oil of garlic, — in Thlasvi aweme, &c., 
may be prepared from allyl iodide and KgS {Hofmann^ Cahours), 
B.-pt. 140^ 

Analogous alkyl selenium and tellurium compounds are 
also known. They are in part distinguished by their exces- 
sively disagreeable, nauseous, and persistent odour. 

C. Esters of the Alcohols with Inorganic Acids 
and their Isomers 

The esters or alkyl salts may be considered as derived from 
the acids (see p. 77) by the exchange of the replaceable hy- 
drogen of the latter for alkyl radicals, just as metallic salts 
result by exchanging the hydrogen for a metallic radical: 

HNO,. KNO3. (C3Hfi)N03. 

Or they are derived from the alcohols by exchange of the 
hj^droxyl radical for acid radicals, e,g, etWl 

nitrate; C 2 H 5 *S 04 Hj ethyl hydrogen sulphate; and CgHj-Cl, 
ethyl chloride. ^ 

Monobasic acids ^ield only one kind of ester, “ neutral or 
normal esters”, which are analogous to the normal metallic 
salts of those acids. 

Dibasic acids yield two series of esters — (1) acid esters and 
(2) neutral esters — corresponding resp^tively with acid and 
normal salts; thus, C^H^^HSO^ and (G2H5)2:b04 are the acid 
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and normal ethyl esters of sulphuric acid. Tribasic acids yield 
three series of esters, &c. 

The composition of the esters or alkyl salts is therefore 
exactly analogous to that of metallic salts, so that in the 
definition of polybasic acids their behaviour in the formation 
of esters may also be included. 

The normal esters are mostly liquids of neutral reaction, 
and often of very agreeable odour, with relatively low boiling- 
points, and volatilize, eventually in a vacuum, without decom- 
position. Most of them are very sparingly soluble in water. 
The acid esters, also called ester-acids, on the other hand, are 
of acid reaction, without smell, usually very readily soluble 
in water, much less stable than the neutral esters, and not 
volatile without decomposition. They act as acids, i.e. form 
salts and esters. 

All esters are able to combine with water, and are by this 
means resolved again into their components, namely, alcohol 
and acid, e,g , — 

CjHjNOs + HjO = C2H5OH + HNOj. 

This process occurs when the ester is boiled with alkalis or 
acids, or when heated with steam to over 100®, e,g» 160®-180®, 
and is termed hydrolysis, or saponification^ when alkalis are 
used (see Soaps, p. 164). The reaction is usually conducted 
in a flask fitted with a reflux condenser, but in a few cases the 
reaction takes place when the ester is mixed with water at the 
ordinary temperature. 

General Modes of Formation. — 1. The simplest method for 
obtaining an ester is by the action of the acid on the alcohol, 
water always being formed as a by-product. As the reactions 
are reversible, 

CaH^.OH-f-OiN.OH CgH^.O-N-.O -f H-OH, 

it is essential that the water formed should be removed from 
the sphere of action by the aid of concentrated sulphuric acid, 
fused zinc chloride, &c., or that a large excess of acid should 
be employed, otherwise after a short time a state of chemical 
equilibrium is reached, all four compounds are present, and 
the direct'^and reverse reactions are proceeding at the same 
rate; even prolonged heating will then not transform any 
further aiqpunts of ddid and alcohol into ester. 

Esters are therefore often prepared by adding an excess of 
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concentrated sulphuric acid to a mixture of the alcohol and 
sodium salt of the acid. 

2. The alcohol is heated with the acid chloride, thus:-— 

gXg + 2C,H..OH = + 2Ha 

3. The silver salt of the acid is heated with an alkyl iodide; 
this is a method of very general applicatioiii althougn it often 
leads to isomers of the expected ester (see also p. 97): 

C^4-I + 0:N-0Ag = OiN.OCjH^ + Agl. 

Besides the true esters, there are also included in this 
division several other classes of acid derivatives isomeric with 
them, but distinguished from them by not being readily 
hydrolysed, i.e. by being more stable, nitro-compounds, 
sulphonic and phosphinic acids, &c. The hydrocyanic deri- 
vatives of the alcohols will also be described here for the sake 
of convenience. These, also, are not hydrolysed in the normal 
manner into alcohol and acid, but are decomposed in quite a 
different manner. 


ESTERS OF NITRIO AOID 

Methyl nitrate, CH3«0«N02, is a colourless liquid, boiling 
at 66^ Ethyl nitrate, C2H5*0*N02 {Millon\ is a mobile 
liquid of a^eeable odour ancf sweet taste, but with a bitter 
after-taste ; it boils at 86®, and burns with a white flame. Both 
esters are soluble in water. The latter is prepared directly 
from the alcohol and acid, with the addition of urea in order 
to destroy any nitrous acid as fast as it is formed. 

Nitric esters contain a large proportion of oxygen in a form 
in which it is readily given up; they therefore explode when 
suddenlv heated. They are very readily hydrc^sed to nitric 
acid and the alcohol when boilea with alkalis. Tin and hydro- 
chloric acid reduce them to hydroxy lamine: 

V 6H = C^.OH + H^-OH + HjO. 


These two reactions indicate that the nitrogen atom is not 
directly united to carbon, as it is so readily removed cither as 
nitric acid or as hydroxylamine. 
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DERIVATIVES OF NITROUS AOID 

The compound OjH^OjN exists in two isomeric forms, repre- 
sented by the formulae OjHj^O-NrO and The 

former is termed ethyl nitrite, as it is the true ester of nitrous 
acid, H-0*N:0; the isomeride is termed nitro-ethane, as it 

contains the nitro group •N^q attached to carbon. 

a. Alkyl nitrites. — These are obtained by the action of 
nitrous fumes (from arsenious oxide and nitric acid), or of 
sodium nitrite and sulphuric acid, or of copper and nitric 
acid upon the alcohols. They are neutral liquids of aromatic 
odour, with very low boiling-points, and are readily hydrolysed 
to the corresponding alcohol and acid. When reduced they 
yield the alcohol, ammonia, and water. 

Methyl nitrite is a gas; ethyl nitrite boils at 18^ has a 
characteristic odour, and in the impure state, as obtained 
from alcohol, copper, and nitric acid, is used medicinally 
under the name of ‘‘sweet spirits of nitre”. 

Amyl nitrite, CcHji*0*N:0, is a pale-yellow liquid boiling 
at 96^ and is used in medicine; it produces expansion of the 
blood-vessels and relaxation of the contractile muscles. 

p. The Nitro-derivatiyes are colourless liquids of ethereal 
odour, practically insoluble in water, and boiling at tempera- 
tures some 100^ higher than their isomers. Like the latter 
they distil without decomposition, and occasionally explode 
when quickly heated. They are fundamentally distinguished 
from the alkyl nitrites by not being readily hydrolysed, and 
by yielding amino-compounds (see these) on reduction, the 
nitrogen remaining attached to carbon: 

= CHj.NH, + 2HiO. 

Nitro-methane boils at 99''-10F. Nitro-ethane, C2H5*N02 
{V. Meyer and Stuber^ 1872), boils at 11S®-114®, burns with a 
bright flame, and the vapour does not explode even at a high 
ten^erature. 

Formation. — 1. The nitro-compounds may be obtained by 
treating an. alk^l iodide with solid silver nitrite (F. Meyer). 
When methyl iodide is used nitro-methane alone is formed, 
with ethyl iodide about equal weights of nitro-ethane and 
ethyl nitrite, and the higher boniologues in regularly decreas- 

(?«Q) g 
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ing amounts as compared with those of their isomers, from 
which, however, they may be readily separated by distillation. 
Tertiary alkyl iodides do not yield nitro-compounds: 

CH.I + AgNO, = CHj.NOj + Agl. 


Nitromethane is most readily prepared by the action of 
sodium nitrite solution on sodium chloroacetate, carbon di- 
oxide being eliminated. 

2. The nitro-derivatives of the lower paraffins cannot be 
obtained by the direct action of nitric acid on the hydro- 
carbons, but with some of the higher derivatives this is pos- 
sible, e.g, heptane, octane, &c. With decane a 30-per-cent 
yield of a mono-nitro-derivative may be obtained by means of 
fuming nitric acid. {JVorstall^ Am. 1898, 20, 202; 1899, 21, 
211; Konovxiloff, Abs. 1906, i, 764; 1907, 1, 1.) This method 
is largely employed in the aromatic series (see Nitrobenzene). 

The constitution of the nitro-compounds is based on the fact 
chat they are not readily hydrolysed, and that the nitrogen is 
not removed during reduction, but remains directly bound to 
carbon in the resulting amines (see these). Consequently the 
nitrogen of the nitro-compound is directly joined to the alkyl 
radical ie. to carbon; for instance: 


CHg-N 



or more probably CHj-N 



Nitrogen which is attached directljr to an alkyl radical is 
therefore not removed by hydrolysing agents. Since the 
nitrogen of the isomeric alkyl nitrites, on the other hand, is 
easily split off from the alkyl radical either by hydrolysis or 
by reduction, it is manifestly not directly combined with the 
carbon but with the oxygen. The alkyl nitrites, therefore, 
receive the constitutional formula E*0*N:0, where R repre- 
sents the alkyl radical. 

From this follows for the hypothetical hydrated nitrous 
acid the formula H*0*N:0, and for the anhydride the for- 
mula (N0)20. The aromatic hydrocarbons, e.g, benzene, 
yield with nitric acic* nitro-compounds, thus : — 

CeHg.H + HNOa = CeH^-NOj + HjO. 


Nitric acid, therefore, contains a nitro-group 4)ound to 
hydroxyl, corresponding with the formula H-O-NOn. 

Behaviour. — 1. They yield primary amines with acid reduc- 
ing agents, e.g. iron and acetic acid, tin and hydrochloric acid. 



NITRO-DERIVATIVES 


99 


&c., substituted hydrokylamines being formed as intermediate 
products {F. Meyer, B. 1892, 26, 1714). 

2. Primary (•CH2*N02) and secondary (iCH-NOg) nitro- 
compounds can yield metallic derivatives, and hence possess 
certain acidic properties. For example, nitro-methane and 
nitro- ethane react with alcoholic sodium hydroxide) yielding 
sodium compounds, CHgNa-NOg and CHg-CHNa-NO^ It is 
almost certain that these sodium salts are not true denvatives 
of the nitro-compound, but are derived from an isomer, the 

so-called wo-m7ro-compound and thus sodium 

nitro-methane has the constitutional formula CHgrNO-ONa 
{Hollemann, B. 1900, 33, 2913). The nitro-derivatives are 
thus not true acids, but pseudo acids (Hantzsch, B. 1899, 32, 
577; see also Phenylnitromethane). These sodium salts are 
crystalline solids, and aie highly explosive. 

Tertiary nitro-compounds (:C*N02) contain no hydrogen 
joined to the carbon atom which is united to the nitro-group, 
and they have not an acid character; the acidifying influence 
of the nitro-group does not, therefore, extend to those hydrogen 
atoms which are attached to other carbon atoms. 

The hydrogen in the primary and secondary nitro-deriva- 
tives, which is attached to the same carbon atom as the NO 2 
group, can also be replaced by bromine. So long as hydrogen, 
as well as this bromine and the nitro-group, remains joined to 
the carbon atom in question, the compound is of a strongly 
acid character; but when it also is substituted by bromine, 
the compound becomes neutral, e,g, dibromo- nitro- ethane, 
CH^-OBr^-NOg, is neutral. 

The reactivity of the hydrogen atoms of the — CHg-NOg 
and ^^H*N 02 groups, characteristic of primary and secon- 
dary nitro-compounds, is exemplified in the reactions of 
these compounds with aldehydes in the presence of sodium 
carbonate. A primary nitro-compound can combine with 
one or with two molecules of formaldehyde, yielding 
-. 0 H(N 02 )CH^- 0 H and -^(NOg) (CH,.OH) 2 . 

3. The reaction of the nitro-compounds with nitrous acid 
is very varied. The primary yield nitrolio acids and the 
secondary pseudo-nitrols, while the tertiary do not react with 

it at all. Thus from nitro-ethane, ethyl- 



100 IV. DERIVATIVES OF MOIWHYDRIC ALCOHOLS 


nitrolic acid, an acid crystallizing in light- 

yellow crystals and yielding intensely red alkali salts, is 
formed Normal nitro-propane acts similarly. Secondary 
nitro-propane, (CH8)2:CH«NO^ gives, on the contrary, 
propyl-pseudo-nitrol, (GH3)2C(N0)(N02), a white crystalline, 
mdifferent, non-acid substance, which is blue either when 
fused or when in solution. These reactions, which are only 
given with compounds of low molecular weight (in the primary 
up to Cg, and in the secondary up to Cg), are specially appli- 
cable for distinguishing between the primary, secondstry, or 
tertiary nature of an alcohol (see p. 77). The nitro-hydro- 
carbons, which are readily prepared from the iodides, are dis* 
solved in a solution of potash to which sodium nitrite is 
added, the solution acidified with sulphuric acid and again 
made alkaline, and then observed for the production of a 
red coloration (primary alcohol), a blue coloration (secondary 
alcohol), or no coloration (tertiary alcohol). 

Chloropicrin, CX)|sN02, a heavv liquid of excessively suffo- 
cating smell, b.-pt. 112^ is formed from many hydrocarbon 
com'pounds by the simultaneous action of nitric acid and 
chlorine, chloride of lime, &c. It is best obtained from picric 
acid and bleaching-powder. 

Folynitro-derivatives are also known. Dinitromethane, 
0H2(N02)2, an unstable yellow oil; dinitroethane, CH^^CH 
(N02)2 i obtained from CHg-CHBr-NOg and potassium nitrite, 
b.-pt, 186®; trinitromethane or nitrofdrm, CH(N02)8, colour- 
less crystals, m.-pt. 15®; tetranitromethane, C^NOgL colour- 
less crystals, m.-pt. 13® and b.-pt. 126®, is prepared by the 
action of nitric acid (D = 1‘63) on acetic anhydride {Chatta- 
way, J, C. S. 1910, 2100), or by passing acetylene into nitric 
acid and a mercury salt, then warming with sulphuric acid and 
distilling (Orton), For constitution, ci. Schmidt, B. 1919, 62 B. 
400. &5od yields (60 per cent) of dinitro-compounds of the 
type can be obtained from the correspond- 

ing di-ioao-derivativ^ and silver nitrite (Von Braun and Sobecki, 
B. 1911, 44, 2526) provided n>3. The compounds are stable 
and react with bromine, nitrous acid, &c., in much the same 
manner as mono-nitro-compounds. They are accompanied by 
alkylene dinitrites, 0:N*0[CH2ln*0*N:0, and nitfo-nitrites, 
N02*[CH2]n*0*N:0, from which they can be separated by 
fractional distillation. The dinitro-coiqpounds can be used 
for the preparation of dialdehydes, since when reduced with 
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stannous chloride they yield dioximes, and these on hydrolysis 
give dialdehydes: 

JSOi-[CHali-]SO, — OH.N:CH.rCHJ,.CH:N.OH — 
i:*““itropwitan» 0:CH.[CHJ,.CH:0 

Olutaric alKhyde. 

ESTERS OP SULPHURIC ACID 

As a dibasic acid sulphuric acid can give rise to both neutral 
or normal esters, (C2H5)2SCK, and acid esters or alkyl 
hydrogen sulphates, e.g. 02^511804. 

The neutral esters are formed by the three general methods; 
(a) from fuming sulphuric acid and alcohol; (h) from silvei 
sulphate and alkyl iodide; (c) from sulphury! chloride and 
alcohol: SO2CI2 + 2 O2H, OH = S02(0C2H5)2 + 2 HCl 

The acid esters of ^e primary alcohols are generally pre- 
pared directly from their components. Secondary and tertiary 
alcohols do not yield them. 

Ethyl sulphate, (C2Hg)2S04, is a colourless oily liquid of an 
agreeable peppermint odour, insoluble in water, and solidifying 
on exposure to a low temperature. It boils at 208 *", is quickly 
hydrolyzed with boiling water, but only slowly with cold water, 
yielding alcohol and sulphuric acid. A 90 -per-cent yield is 
obtained by distilling sodium ethyl sulphate in a vacuum. 

Methyl sulphate, (CH3)2S04, is a syrupy oil, b.-pt.l88®, it is 
extremely poisonous, does not adhere to glass, and is a common 
reagent used instead of methyl iodide for the formation of 
methyl derivatives of phenols, alcohols, and amines (cf. S. J., 
Exp. 127 ). It is also formed by the direct union of sulphur 
trioxide and methyl ether (E, P. 1919 ). 

Ethyl hydrogen sidphate, CoH.O-SOo-OH {DoMt^ 1802 ), 
is obtained from a mixture of alcohol and sulphuric acid, but 
not quantitatively, on account of the state of equilibrium that 
ensues. It is also formed from ethylene and sulphuric acid 
at a somewhat hig^ber temperature. It differs from sulphuric 
acid by its Ba-, Ua-, and Pb^salts beingtsoluble, and it can 
therefore be easily separated from the farmer by means of 
BaG03, &c. It yields salts which crystallize beautifully, e,g. 
KC2H«S04, but which slowly decompose into sulphate and 
alcohol on^boiling their concentrated aqueous solution, espe- 
ciallv in presence of excess of alkali. 

These salts are frequently used instead of ethyl iodide for the 
preparation *of other ethyl derivatives (process of ethylation). 
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The tree acid ester is prepared hy adding the requisite 
amount of sulphuric acid to the barium salt. It is a colourless 
oily liquid which does not adhere to glass, and which slowly 
hydrolyses when its solution is evaporated or kept. When 
heated alone it is decomposed into ethylene and sulphuric acid ; 
with alcohol it yields ethyl ether and sulphuric acid. 

DERIVATIVES OF SULPHUROUS ACID 

a. Alkyl Sulphites. — Ethyl sulphite, 808 ( 00115 ) 2 , is an 
ethereal liquid of peppermint odour, which can be prepared 
from alcohol and thionyl chloride, SOClg, and which is rapidly 
hydrolysed by water. It has b.-pt. 161®, and its probable con- 
stitution is: 0 :S( 0 Et) 2 . 

Ethyl Hydrogen Sulphite. — The very unstable potassium 
salt, OEt-SOjK, is formed by the action of dry sulphur di- 
oxide on potassium ethoxide {Rosenheim^ B. 1905, 38, 1301). 
It is decomposed by water, yielding alcohol and potassium 
sulphite. 

The action of sodium hydroxide on ethyl sulphite does not 
hydrolyse the ester to sodium ethyl sulphite, but to sodium 
ethvl sulphonate, C^Hg'SOg-ONa. (B. 1898, 31, 406.) 

p, Sulphonio Aoids. — Sulphonic acids contain the mono- 
valent group -SOg'OH. They are colourless oils or solids, 
extremeljr hygroscopic, readily soluble in water, and are strong 
monobasic acids. They are much more stable than the iso- 
meric alkyl hydrogen sulphites; for example, they are not 
hydrolysea when boiled with aqueous alkalis or acids, but are 
decomposed when fused with potash. They are non-volatile 
with steam, and when strongly heated decompose. 

Ethyl-sulphonio acid, CgHg-SOo-OH {Lowig^ 1839; H. Kopp, 
1840), is a strong monobasic acid, and yields crystalline salts, 
e,g. CgHj-SOgK + HgO (hyCTOscopic), CgHg-SOgNa + HoO. 

Methyl-sulphonio acid, CHj-SOgH, is a syrupy liquid, and 
was prepared by Kolbe in 1845 from trichloro-methyl-sulphonic 
chloride, CClg *80201 (produced from 683 , Cl, and HgO). 

Modes of Formatidu, — 1 . From sodium or ammonium sulphite 
and alkyl iodide {cf». alkyl hydrogen sulphate: 

CjHj.I + NaaSOj = CaH^-SOgNa + Nal. 

Sulphonic esters are formed by the action of alkyl iodides 
on silver sulphite: ^ 

2C«HJ + Aff,SO, = (CJI*).SO. + 2 Arf 
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2. By the oxidation of mercaptans by KMn 04 or HNO^: 

CjHg.SH + SO = CjH^.SOaH. 

The sulphonic acids yield chlorides with PCL, e,g, ethyl- 
sulphonic acid gives ethyl-sulphonio chloride, CX-SOgCl, a 
liquid which boils without decomposition at 177®, fumes in 
the air, and is reconverted by water into ethyl-sulphonic and 
hydrochloric acids. Nascent hydrogen reduces it to mercaptan, 
and with zinc dust it yields the zinc salt of a syrupy, readily 
soluble acid, viz. ethyl-snlphinic acid, CgH^-SOoH, which may 
also be reduced to mercaptan. Sodium ethyl suiphinate yields 
ethyl sulphone when treated with ethyl bromide, C 2 H 5 Br. 
When esterified the acid forms an unstable ester, isomeric with 
ethyl sulphone (B. 24, 2272). 

Ethyl Ethyl-sulphonate, CjHg-SOj^OOgHg, is isomeric with 
ethyl sulphite, and, being an ester of the more stable ethyl- 
sulphonic acid, can only be partially hydrolysed. It is pre- 
pared from silver sulphite and ethyl iodide. It boils at 213®, 
and the sulphonic esters generally have considerably higher 
boiling-points than the isomeric alkyl sulphites. 

Constitution . — From the formation of the sulphonic acids 
from mercaptans by oxidation, and the (indirect) reversibility 
of this reaction, it follows that the sulphur in them is directly 
attached to the alkyl radical; if, then, sulphur is regarded as 
hexavalent, ethyl-sulphonic acid has the constitution 


This constitution is in perfect harmony with the reaction of 
the acids with phosphorus pentachloride and also with their 
monobasicity. From this we might conclude, assuming that 
the conversion of metallic sulphites into sulphonic acid deriva- 
tives is a simple exchange of alkyl and metallic radicals, that 
the constitution of sodium sulphite is Na*SOo*ONa, of the 
hypothetical sulphurous acid H-SOg-OH, ana of sulphuric 
acid OH-SOo'OH. The alkyl sulphites formed from thionyl 

attached to oxygen, 

PO(OE)^(OH), and 
o also similar com- 
pounds of phosphorous and hypophosphorous acids. The 
phosphinic ^cids, &c.,^ are related to the two last-mentioned 
classes. Esters of boric and silicic acids are also known. 


cnioriae prcoaoiy nave me aixyi groups 
e.g. ethyl sulphite, SO^OOgHg)^ 

Esters of phosphoric acid rO(OR) 3 , 
PO(OR)(OiI)o, (R = alkyl), exist, as ( 
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ALKYL DERIVATIVES OF HYDROCYANIC ACID 

Hydrocyanic acid, HCN, yields two classes of derivatives 
by the exchange of its hydrogen atom for alkyl radicals, 
neither ^of which can be regarded as esters, in the sense that 
they are hydrolysed to the acid and alcohol. 

a. Alkyl Cyanides or Nitriles, K*C:N. — These are either 
colourless liquids, which volatilize without decomposition, or 
solids, with an ethereal odour slightly resembling that of 
leeks; they are lighter than water, and are relatively stable. 
The lower members are miscible, with water, but the higher 
ones not, and they boil at about the same temperatures as the 
corresponding alcohols. 

Formation, — 1. By heating an alkyl iodide with an alcoholic 
solution of potassium cyanide, or potassium ethyl-sulphate 
with potassium ferrocyanide: 

CH3I + KCN = KI + CH3.CN (methyl cyanide). 

2. From fatty acids, e.g, acetic acid, CHg-CO^OH. The 
ammonium salt when distilled loses water and yields the acid 
amide, e,g . : 

CH3.CO.ONH4 = HaO + CHa.CO.NHa (acetamide). 

The amide when heated with a dehydrating agent, e,g, P4O10, 
loses a second molecule of water and yields the cyanide: 

CHg.CQ.NHa = HaO + CHg.CiN. 

As a consequence of this mode of formation these com- 
pounds are. also termed nitriles of the monobasic acids, e,g, 
CH3.CN, methyl cyanide or aceto-nitrile ; CgHg-CN, propio- 
nitrile, &c. 

3. The higher nitriles, in which 0>5, are formed from the 
amides of acids of the acetic series containing 1 atom of carbon 
more in the molecule, and also from the primary amines with 
the same number of carbon atoms, upon treatment with bro- 
mine and caustic-soda solution. See Amides, Chap. VII, K 

4. From the oxemes of the aldehydes, by warming with 
acetic anhydride. ^ See Aldoximes, Chap. V. 

JReactions. — The nitriles are chemically active. Most of the 
reactions are of an additive nature, and are somewhat similar 
to those characteristic of the olefines. These reactions are in 
harmony with the constitutional formulse usually attributed 
to the nitriles, e,g, R-CjN, accordingtto which a triple bond 
exists between a nitrogen and a carbon atom. * 
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1. When hydrolysed with acids or alkalis, or superheated 
with water, they take up water (2 mols.) and yield the 
ammonium salts of fatty acids (with alkalis, the alkali salt, 
and free ammonia). The reaction undoubtedly proceeds in 
two distinct stages, and an acid amide is first formed: 

= CH,.OO.NH, 

CH,-CX).NH, + H ,0 = CH3.OO.ONH4. 

It is generally impossible to stop the hydrolysis at the first 
stage in the case of aliphatic nitriles, but this is readily 
accomplished with aromatic cyanides. This is a reaction of 
considerable interest, as it enables us to pass from a saturated 
alcohol, CnHan+i^OH, to the aliphatic acid, CnHja+i • COOH, 
which contains 1 atom of carbon more than the alcohol: 

CH3.OH — CH3I — CH3.CN — CH3.OOOH. 

2. Just as acetamide is formed by the taking up of water, 
so is thio-acetamide by the addition of sulphurettea hydrogen, 

3. By the addition of hydrochloric acid, amido-chlorides or 
imido-chlorides are formed ; by the addition of ammonia bases, 
amidines. Halogens also form decomposable additive-products. 

4. Primary amines are obtained by reducing nitriles with 
sodium and alcohol (p. 109;cf. Rakshit, J. A.C.S. 1913, 36, 444). 

CH3.C!N + 4H = CH3.CH,.NH3(ethylamine). 

6. Metallic potassium or sodium frequently induces pol} - 
merization; thus methyl cyanide yields in this way cyan- 
methine, a mono-acid base crystallizing in prisms. 

Aceto-nitrile, Eihane^itrile, CH^.CN, b.-pt. 82® is present in 
the products of distillation from the vinasse of sugar beet and 
in coal-tar. Fropio-nitrile, (Pro^ne-nitril^, CoHj-CN, bntyro- 
nitrile, C3H7.CN, and valero-nitrile, C^BCg.CN, are liquids of 
agreeable bitter-almond-oil odour; palnuto-nitrile, C.3H3..CN, 
is like paraffin. * 

B. Isooyanides, Isonitriles or Carbylandnes. — These ard 
colourless liquids readily soluble in alcohol and ether, but 
only slightly soluble in water. They have a feeble alkaline 
reaction, an unbearable putrid odour, and poisonous proper- 
ties, and boil somewhat lower- than the isomeric nitriles. 

Famaiiofi^ — 1.' By* heating an alkyl iodide with silver 
cyanide instead of potaisium by&nide (OautUr), a double com* 
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^und with silver cyanide being first formed, according to 


Ag.N:C: + EtI 


Et^N;C: - Agl + Et-NrC: 

1 ^ (ethyl carbylamine). 


2, In small quantity, along with the nitrile, when a potassium 
alkyl'Sulphate is distilled with potassium cyanide. 

3. By the action of chloroform and alcoholic potash upon 
primary amines {Hofmann^ 1869) (see pp. 66 and 111): 

CHj.NHj + CHCIs + SKOH = CH3-N;C + 3Ka + SHgO. 

Behaviour. — 1. The isonitriles differ fundamentally from the 
nitriles in their behaviour with water or dilute acids. When 
strongly heated with water, or with acids in the cold, they 
decompose into formic acid and a primary amine containing 
an atom of carbon less than themselves: 

CH3.NC + 2H2O = CHs-NHa + HCOaH. 

Unlike the nitriles, they are very stable towards alkalis. 

2. The isonitriles are also capable of forming additive pro- 
ducts with the halogens, HCl, H 2 S, &c., compounds different 
from those given by the nitriles; thus, with HCl they yield 
crystalline salts which are rapidly decomposed by water into 
amine and formic acid. 

3. Some of the isonitriles change into the isomeric nitriles 
when heated. According to Wade this change does not occur 
at all readily in the fatty series if the carbylamines are 
thoroughly dry. (J. 0. S. 1902, 81, 1596.) 

Methyl isooyanide, GHo«NC, boils at and ethyl iso- 
cyanide, CgHg'NO, at 82 , 

Constitution of the Nitriles and Isonitriles, — The constitution 
of the nitriles follows from the readiness with which they can 
be hydrolysed to acids of the acetic series. In acetic acid 
we know that we have a methyl group directly attached to 
a carbon atom, e.g.^R^ • CO • OH, and since methyl cyanide 
on hydrolysis yields acetic acid, it also presumably contains 
the methyl group attached to carbon. The nitrogen atom, 
on the other hand, is eliminated, and is thus probably not 
directly bound to the alkyl radical. Consequently Sceto-nitrile 
has the constitution CHg*0:N. 

This constitutional formula is supported by a |tudy of the 
product formed on reduction, namely CHg^CHg^NHg. 
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In the case of the isonitriles, however, it is the nitrogen 
which must be directly bound to the alkyl radical, as their 
close connection with the amine bases shows, the amines being 
easily prepared from and reconverted into the isonitriles. 
The carbon atom of the cyanogen group, on the contrary, is 
eliminated as formic acid on decomposition with acid, and is 
consequently not directly united to the alkyl radical, but only 
through the nitrogen. The constitutional formula of methyl 
isocyanide is therefore either CHg-NiC or CHg^NrC:, with 
an unsaturated carbon atom (cf. Chap. L, D.). 


D. Amines or Nitrogen Bases of the Alkyl Radicals 

By the introduction of alkyl radicals in place of hydrogen 
into the ammonia molecule, the important class of ammonia 
bases or amines is formed. 

The amines containing small alkyl groups bear the closest 
resemblance to ammonia, and are even more strongly basic 
than the latter. They have an ammoniacal odour, give 
rise to white clouds with volatile acids, combine with hydro- 
chloric acid, &c., to salts with evolution of heat, and yield 
platini- and auri-chlorides. Their aqueous solutions precipitate 
insoluble hydroxides from solutions of the salts of the heavy 
metals, and these precipitates are frequently soluble in excess. 

The lowest members of this class are combustible gases 
readily soluble in water. The next are liquids of low boiling- 
point, also at first readily soluble; but the solubility in water, 
and also the volatility, decrease with an increase in molecular 
weight, until the highest members of the series, such as tricetyl- 
amine, (CjgHog) 3 N, are at the ordinary temperature odourless 
solids of nigh boiling-point, insoluble in water but soluble in 
alcohol and ether, and readily combining with acids to form 
salts. All amines are considerably lighter than water. 

The quaternary ammonium hydroxides are solid and very 
hygroscopic, and exceedingly like potash^in jjroperties. 

Classification, — ^The bases are divided intoprimary, secondary, 
tertiary, and quaternary bases, according as they contain 1, 2, 
3, or 4 alkyl radicals; the three first are derived from am- 
monia, and the last from the hypothetical ammonium hy- 
droxide, NH4*0H. Characteristic of primary amines is the 
amino group, •NHg, t)f secondary, the imino group, :NH, and 
of tertiarv. th« N radical attached to three alkyl groups. 
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The system of nomenclature is simple, as indicated by the 
following examples: — CHq*NH 2 , methylamine; CgHy^NEL 
propylamine; (<XH 5 ) 2 NH, di-ethylamine; (CH 3 ) 3 N, trimethyl- 
amine; and N(C 2 H 5 ) 4 l, tetraeihylammonium iodide. 

The alkyl radicals may be either saturated or unsaturated. 

Modes of Formation, — 1. Primary amines, e,g. methylamine, 
ethylamine, are obtained by heating alkyl cyanates with 
potash solution {JVurtz^ 1848), just as cyanic acid itself yields 
ammonia and carbon dioxide: 

^ = COj + NHj.CjH,. 

2. By the direct introduction of the alkyl radical into 
ammonia by heating a concentrated solution of the latter with 
methjrl iodide, chloride, or nitrate, ethyl iodide, &c. In this 
reaction an atom of hydrogen is first exchanged for an alkyl 
I'adical, and then the base produced combines with the halogen 
hydride, foimed at the same time, to a salt, thus: — 

(I) NHjH + CH3I = NH2.CH3, HI. 

From the methylamine hydriodide thus produced, free 
methylamine can readily be obtained by distillation with 
potash: 

NHsCCHg), HI + KOH = NHjjCCHa) + KI + H3O. 

The methylamine can now combine further with methyl 
iodide to hydriodide of dimethylamine: 

(II) NHj(CH3) + CH3l = NH(CH3),HI, 

which, in its turn, yields the free base with potash. This 
latter can again combine with methyl iodide: 

(III) NH(CH3)3 + CH3l = N(CH3)iHI, 

the salt so produced yielding trimethylamine as before. 
Finally, the trimethylamine can once more take up methyl 
iodide: ^ 

(IV) N(CH3)3,+ CH3l = N(CH3)4L 

The compound obtained, tetramethylammonium iodide, is, 
however, no longer a salt of an amine, but of an ammonium 
base, and is not decomposed on distillation with powh solu- 
tion. The velocities of formation of quaternary ammonium 
iodides from tertiary amines and alkyT iodides have been 
determined hv Menwhutkin, The reaction has been shown 
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to be a bimolecular one. The velocity varies with the alkjl 
iodide em[)loyed, decreasing as the alkyl group becomes more 
complex. The solvent employed, for example, acetone, hexane, 
methyl alcohol, &c., also aflects the velocity of formation to 
an enormous extent, t,g, the combination of ethyl iodide and 
try>ethylamine takes place some 250 times as readily in ethyl 
alcohol as in hexane solution. 

Primary and secondary bases can also be transformed into 
secondary and tertiary by warming with potassium alkyl- 
sulphates (B. 1891, 24, 1678), or alkyl sulphates and alkali. 

When several alkyl iodides are used in place of methyl 
iodide, mixed amines, i.e. amines containing different alky] 
groups in the molecule, are obtained, e,g. metnyl-propylamine] 
NH(CH 8 )(C 8 H 7 ), methyl-ethyl-propylamine, N(CH 8 )(C 2 H 5 ; 

The reactions I to IV given above do not in reality folloi/s 
each other in perfect order but go on simultaneously, the base^ 
being partly liberated from the hydriodides by the ammonia, 
and so being free to react with more alkyl haloid. The pro 
duct obtained by distillation with potash is therefore a mixture 
of all the three amines and ammonia. 

These cannot be separated by fractional distillation, and sc 
their different behaviour with ethyl oxalate, OEt*CO*CO»OEt 
is made use of for the purpose. Methylamine reacts with thii 
ester to form chiefly (1) &nethyl-oxamide, CHgNH^OO-CO' 
NH'CHg (solid), and (2) some methyl-oxamio ester, OEt -CO- 
CO -NH-CHg (liquid); ciimethylamine yields (3) the ethyl estei 
of dimethyl-oxamio acid, OEt-CO-CO-N(CIl 8;2 (liquid), whih 
trimethylamine does not react with the ethyl oxalate. Upoi 
warming the product of the reaction on the water<bath, th< 
latter base distils over, and the remaining compounds cai 
then be separated by special methods (for which see B. 8, 776 
8, 760), and indi’sidually decomposed by potash, (1) and (2 
yielding methylamiiie,^nd (3) dimethylamine. For separatio 
by means of Grigimrd reagents, cf. Hibbert and fFise^ J. C. f 
1912, 101, 344. ^ 

3. The nitro-compounds yield primary 'amines when treate 
with acid reducing agents (see p. 98) : 

^ CH3.NO2 + 6 H = CH3.NH2 -f 2 HjO. 

4. The nitriles, including hydrocyanic acid, are capable c 
taking up four atoigs of hydrogen (see p. 105) and formin 
primary amines {Mendius^ 1862): 

CH3.CiN + 4H = CH3.CHa-NH8(ethylamine). 
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5. Primary amines, in which C < 6, are prepared according 
to HofmanrCs method, by the action of bromine and then of 
caiistiC'Soda solution upon the amides of acids containing 
1 carbon atom more than themselves (see Amides). 

6. Primary amines likewise result from the reduction of 
the oximes or hydrazones (see pp. 133 and 141): for example, 
acetaldoxime: 

CH8-CH:N.0H + 4H = CHs-OHa-NHa + HaO. 

7 . See p. 463 for preparation of amines from phthalimide. 
Isomers , — Numerous isomers exist among the amines, as the 

following table shows : — 


m 

OjHyN. 

CaH,N. 

O.H..N. 

1 

NH.(C,H.) 

NH(0H,). 

NH,(0,H,) 

NH(CH,)(C,H.) 

N(CH,). 

NH,(C4H,) 

NH(OH,)(C,H,) and NH(0,H,), 
N(CH,),(O.H.) 


This kind of isomerism is the same as that of the ethers 
(p. 90 ), i,e, metamerism. From (C3H1) onwards, isomerism can 
also occur in the alkyl radicals. According to theory, as many 
amines 0^ as alcohols 0^+1 are capable of existence. 

Behaviour, — 1 . The amines combine directly with acids (or- 
ganic or inorganic) to form salts in exactly the same way as 
ammonia; the quaternary ammonium bases, however, react 
with acids, forming salts and eliminating water like potassium 
or ammonium hydroxide : 


CHa-NHo + Ha = CHg-NH^ Ha = CHj^NHsa 


(CHj^^N.OH-f Ha = (CH3)4N.a + H 30 . 


The salts so obtained are white, crystalline compounds, 
readily soluble in water, and frequently hygroscopic. The 
chlorides form, with platinic chloride, sparingly soluble platini- 
ohlorides analogous to ammonium platinichloride, (NHJgPtClg, 
e.g, methylamine platfhichloride, (CH3NH3)2PtCL. 

The same applies tJb the aurichlorides, e,g, O2H5NH3AUCL. 

Strong alkalis, e,g. potassium hydroxide, decompose all the 
salts with the exception of the quaternary ammonjum com- 
pounds yielding the free bases (and not ammonia). 

2. Hydrolysing agents such as alkalis and acids do not 
affect the nitrogen bases of the alcohol ^*adicals. ^ 

3 . The different classes of amines are distinguished from 
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each other by the primary having 2 hydrogen atoms, the 
secondary 1, but the tertiary none replaceable by alkyl 
groups; the same applies to acyl groups, e,g, acetyl. The 
ultimate products obtained from isomeric amines by the action 
of methyl iodide are distinguished from one another by ana- 
lysis. Thus of the three isomeric amines CgH^N, propylamine 
gives with methyl iodide, C8HyN(CH3)8l, propyl-trimethyl- 
ammonium iodide = methyl-ethylamine gives CgHg* 

N(CHo)8l, ethyl-trimethylammonium iodide = C5H14NI; and 
trimethylamine gives N(CH3)4l, tetramethylammonium iodide 
= C4 Hj 2NI. An iodine estimation in the final product would 
hnmediately enable us to settle the constitution of the original 
amine. 

The primary bases further differ from the others in their 
behaviour with chloroform, carbon disulphide, and nitrous acid. 

4 . Only the primary bases react with chloroform and alco- 
holic potash, with formation of isonitriles (p. 106 ). 

5 . wben warmed with carbon disulphide in alcoholic solu- 
tion, the primary and secondary, but not the tertiary, bases 
react to form deiivatives of thiocarbamic acids. (See Carbonic 
Acid Derivatives.) Should the amines be primary ones, the 
characteristically smelling isothiocyanates are produced upon 
heating the thiocarbamic derivatives with a solution of HgClj, 

Senfol ” reaction). 

6. Nitrous acid reacts with the primary amines, forming 
alcohols, e,g , — 

CHg.NHa-fH.O.NO = CHg-OH + Ng + HaO. 

A molecular rearrangement is occasionally met with, e.g, 
the production of isopropyl alcohol from rj-propylamine. 

Secondary bases yield with nitrous acid nitroso-compounds, 
e,g. “ dimethyl-nitrosamine ” : 

(CH3)aNH-fNO.OH = (CH3)aN.NO + HaO. 

These nitrosamines are yellow-coloured volatile liquids of 
aromatic odour (Geuther). When reduced with acid-reducing, 
agents, or when heated with alcohol ^d hydrochloric aci(^ 
they regenerate the secondary amines. Weak reducing agents, 
however, convert them into hydrazines (p. llo;. The nitros- 
amines ire frequently of great service in the purification of 
the secondary bases. 

Nitrous acid forms salts with tertiary amines. 

7 . By^the indirect action of nitric acid (B. 22 , Ref. 295 ), 
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nitramines result, i.e, amines in which an amino-hvdrogen atom 
has been replac^ by the nitro-^up, e.g. CHg'NH-NOj, 
methyl-nitramine. Similarly, by the indirect introduction of 
an amino-CTOup, hydrazines are formed, e,g. CHj-NH-NHg, 
methyl-hydrazine. 

8. While the amines are liberated from their salts by alkalis, 
the free bases of the quaternary ammonium salts, e.g. tetra- 
methylammonium iodide, cannot be prepared from these by 
treatment with potash, because the products are soluble and 
non-gaseous, and hence an equilibrium is attained. The salts 
behave normally in aqueous solutions, for example, the iodides 
yield precipitates with silver nitrate, and are good electrolytes. 
The corresponding hydroxides, e.g, N(CH3)45h, are obtained 
most readily by acting upon the iodides with moist silver 
oxide. These hydroxides are extraordinarily like caustic 
potash. They are colourless hy^oscopic solids, readily soluble 
in water, and abstract carbon dioxide from the air. The solu- 
tions have strongly alkaline properties, are good electrolytes, 
and precipitate metallic hydroxides from solutions of their 
salts. When distilled they decomj^se, yielding the tertiary 
base, the tetramethyl base yielding in addition methyl alcohol, 
and the homologous bases olefine and water {Braun, A. 382, 1): 


NrCH, 
N?< 


..OH = +CH3.OH. 

J4.OH = nIc^Ss + oA + ^20- 


They are of importance for the study of the valency of 
nitrogen. Their formation and general properties are most 
in harmony with the assumption of a penta- or quinque-valent 

CH 

nitrogen atom, e.g. 



and not as a so-called mole- 


cular compound, N(CHo)8, OH3I. (Cf. Trimethyl-sulphonium 
hydroxide.) The fact that the salts N(CHg)jj(C 2 H 5 ) + CgH^Cl 
and N(CHg)(C 2 Hg )2 + CHgCl are identical, is in agreement with 
the former assumption. {Meyer and Lecco,) Lastly, optically 
active isomers are met^with among the quaternary ammonium 
salts, a point which receives its readiest explanation from the 
asymmetry of the molecule containing a quinquevalent nitrogen 
atom. (See Chap. XL VI, F.)- 
9. The quaternary, iodides are resolved into tertiCry base 
and alkyl iodide when heated. They combine with 2 or 4 
atoms of bromine or iodine to tri- and% pentarbromides or 
-iodides, e.g. N(CH 3 ) 4 *I«l 4 i(dark needles), and N(C 5 H 5 ) 4 l*l 2 
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(azure-blue needles). Such periodides readily lose the excess 
of iodine, and are hence relatively unstable, nepta- and Ennea- 
iodides also exist. 

The following table gives the boiling-points of the various 
amines : — 



Primary. 

Secondary. 

Tertiary. 

Methyl 

Ethyl 

-6° 

19° 

49° 

76° 

176° 

7® 

66® 

110® 

160® 

297® 

3-6® 

90® 

166® 

216® 

366® 

# 

n-Propyl 

n-Butyl 

»-Octyl 


Methylamines. All three amines, particularly dimethyl- 
amine, are present in the brine in which herrings have been 
salted, and are derived from the decomposition of the fish. 
The secondary and tertiary amines are formed by the destruo 
tive distillation of the final residues from the molasses of 
beet-sugar factories. All three amines can be obtained from 
ammonia and formaldehyde {Werner^ J, C. S. 1917, 111, 844); 

H.CH:0 + NH, — HjO + CH,:NH, 

CH,:NH + HjO + H-CHtO — CHj.NH* + H-CO-OH. 

The formic acid can be further oxidized to COg and HgO, 
or can be converted into methyl formate. Formaldehyde is 
thus a methylating agent, just as a mixture of Mel or MogSO^ 
and alkali. The methylamine can react with more formalde- 
hyde, yielding dimethylamine, and the final stage is; 

CH2;0 + 2 NHMe, HgO, 

and above 110®; ^ 

CHiCNMea)^ — NMej -f CH2:ljrMe, 

no formic acid being produced. 

When this method of formation of methylamines is used, 
the separation of the amines is based on the following facts: 
1. Ammonium chloride is practically insoluble in a concen- 
trated solutftn of methylamine hydrochloride. 2. Dimethyl- 
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amine hydrochloride is more soluble in water than the 
monomethylamine salt, and the former is soluble in chloro- 
form solution and the latter not. 

Methylamine, CHo-NHg, occurs in Mercarialis perennis and 
annua (“ mercurialin ”), in the distillate from bones and wood, 
and is formed when trimethylamine hydrochloride is heated 
at 285". 

It is most readily prepared from acetamide, caustic soda, and 
bromine. (B. 18, 2737.) It is more strongly basic and even 
more soluble in water than ammonia, has a powerful ammo- 
niacal and at the same time fishlike odour, and burns with a 
yellowish flame. Its aqueous solution, like that of ammonia, 
precipitates many metallic salts, frequently redissolving the 
precipitated hydroxides ; unlike ammonia, it does not dissolve 
Ni(OH )2 and Co(OH) 2 . 

The hydrochloride, CHg-NHg, HCl, forms large glistening 
plates, is very hygroscopic and readily soluble in alcohol ; the 
platixiiohloride crystallizes in golden scales, and the sulphate 
forms an alum. 

Dimethylamine, (CH 3 ) 2 NH, occurs in Peruvian guano and 
pyroligneous acid, and is formed by decomposing nitroso-di- 
methyl-aniline by caustic-soda solution. 

Trimethylamine, (CH 3 ) 3 N, is wddely distributed in nature, 
being found in considerable quantity in Chenopodium vulvarm^ 
also in Arnica moniana^ in the blossom of Cratcegus ozyacantha^ 
and of pear. It has an ammoniacal and flshlike odour. 

The tertiary amines can be oxidized by means of hydrogen 
peroxide to compounds of the type (CH 8 ) 3 N: 0 , tnmethyl- 
amine oxide, which are colourless crystalline bases. 

Tetramethylammonium iodide, N(CHo) 4 l, is obtained in 
large quantity directly from NHo + CHgl. It crystallizes in 
white needles or large prisms, and has a bitter taste. 

Tetramethylammonium hydroxide, N(CHo).OH, crystallizes 
in hygroscopic needles, and can be obtained by the action of 
alcoholic potash on an alcoholic solution of its chloride; potas- 
sium chloride is pAcipitated, and the hydroxide remains in 
solution. It forms salts, e,g. a platinichloride, sulphide, poly- 
su^hide, cyanide, &c. 

Tetramethylammonium amalgam, Hg(NMe4)x,^ is formed 
during the electrolysis of the chloride in absolute alcohol at 
—34®, using a mercury cathode (J. A. C. S. 1911, 33, 273). 

Ethylamines. The ethylamines are^ usually n^nufactured 
from ethyl chloride and ammonia. They can be separated by 
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fractional distillation, using a ten-bulb column (J. C. S. 1916, 
109 , 174). For the preparation of mono- and di-ethylamine 
from ethylbromide and ammonia, and the separation of their 
hydrochlorides by ammonia, see JFerner^ J. C. S. 1918, 113 , 
899. 

Ethylamine, C 2 H^NH 2 , has a strongly ammoniacal smell 
and biting taste, mixes with water in every proportion, and 
burns with a yellow flame. It dissolves Al(OH) 3 , but not 
Fe(OH) 3 ; also Cu(OH )2 with difficulty, but not Cd(OH) 2 . 
With bleaching powder it yields ethyl - dichloro - amine, 
C 2 H 5 -NC 12 , as a yellow oil of a most unpleasant piercing 
odour. 

Tri-ethylamine, (C 2 H^) 3 N, is an oily strongly alkaline liquid. 
The precipitates which it gives with solutions of metallic salts 
are mostly insoluble in excess of the precipitant. 

When a substituted ammonium chloride is heated to a high 
temperature an alkyl chloride is formed, and when different 
alkyl groups are present in the molecule it is always the methyl 
group which is eliminated as chloride. Methyl chloride is pre- 
pared on a commercial scale by heating tetramethylammonium 
chloride obtained from beet-sugar residues. 


E. Hydroxylamines; Hydrazines 

The Alkyl-hydroxylamines, which are derived from hy- 
droxy lamine, NHg'OH, just as the amines are from ammonia, 
belong to two different series, in accordance with the constitu- 
tion of hydroxy lamine, thus: — 

NH2.OCH3 and CH3.NH.OH 
a-Methyl-hydroxylamine ^-Methyl-hydroxylamlne. 

The compounds of the first series, which are obtained from 
the oxime ethers (p. 144), are — as ethereal compounds — toler- 
ably stable, and do not reduce Fehling^s solution. Those of the 
second series, which likewise result from certain oxime deriva- 
tives, but at the same time also from tlfe reduction of the 
nitro-hydrocarbons (p. 99), very readily undergo change, reduce 
Fehling^s stluiion even in the cold, and yield primary amines 
when further reduced (B. 23 , 3597; 24 , 3528; 25 , 

1714). 

E, FischA' (A. 190 , 67 ; 199 , 281, 294) has given the name 
of hydrazines to a series of peculiar bases, mostly liquid and 



116 IV. DBRIVATIVHS OF MONOHYDRIC ALCOHOLS 


closely resembling the amines, but containing two atoms of 
nitrogen in the molecule, and differing from the latter espe- 
cially by their capability of reducing FeJdin^s solution^ for the 
most part even in the cold, and by the ease with which they 
are oxidized. They are derived from “Diamide” or “Hydra- 
zine”, NHo^NHo and Jay^ J. pr. Oh. 1889, (2), 39, 27) 

They are formed by the action of nascent hydrogen on the 
nitrosamines (p. 108): 

(CHj^.NO-f 4H = (CH3)2N.NH, + HaO. 


Primary, secondary, tertiary, and q^uaternary hydrazines are 
known, according as 1, 2, 3, or 4 of the hydrogen atoms in 
are replaced by alkyl ^oups. 

Tne secondary hydrazines exist in two isomeric forms, 
namely, NHE-NHE and NHg-NEg, which are known respec- 
tively as symmetrical and urmmrmtrical secondary hydrazines. 

Methyl-hydrazine, CHj-NH-NHn fcf. A. 1889, 263, 6). An 
excessively hygroscopic liquid, which rumes in the air, and has 
an odour similar to that of methylamine. B.-pt. 87®. 

Ethyl-hydrazine, Cj^Hg-NH^NH^. When di-ethyl urea is 
treated with nitrous ac^ti a nitroso-compound is formed, which, 
on reduction with zinc dust and acetic acid, yields the so-called 
“ diethyl-semicarbazide ”, and this decomposes, when heated 
with hydrochloric acid, into carbon dioxide, ethylamine, and 
ethyl-hydrazine: 


pAv/NH*C2BL 

^^N(NO)-Cf2H5 ^^N(NHa).C2H6 


Di-ethyl-orea 


R itro8<Msompoimd 


Diethyl-semlcarbazlde. 


= COj + NH,C^s + NHj-NHC.H*. 


Ethyl-hydrazine is a colourless mobile liquid of ethereal 
and faintly ammoniacal odour, boiling at 100®. It is very 
hygroscopic, forms white clouds with moist air, dissolves in 
water and alcohol with evolution of heat, and corrodes cork 
and caoutchouc. • 

Diethyl -hydrazisie, (C^Hg) 2 N*NH 2 , is prepared from di- 
ethylamine by transfomung it into diethyl-nitrosamine hj 
the nitrous-acid reaction, and then reducing the flatter. It 
resembles ethyl-hydrazine closely: 

(Cjft),N.NO-f4H = (CaH5)2ll.NH2 + H20. 

Totra-ethyl-tetraadn^ (C,H 5 ) 2 :N-N:N-N:( 02 Hg) 3 , a 
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eolourloBs, strongly basic oil, volatile with steam, is formed 
when diethyl-hydrazine is heated with mercuric oxide. 

The eonstiiviian of the hydrazines follows from their modes 
of formation. Since in diethyl-nitrosamine, (C2H5)^»NO, 
for instance, the nitroao-group NO must be attached to the 
nitrogen of the amine and not to the carbon, judging from 
the ease with which it can be separated (p. Ill ), so the same 
linking of the atoms must be assumed in the hydrazines, 
which are formed from the nitroso-compoimds by reduction, 
i,e. by exchange of 0 for 2 H. The rea^ness with which di- 
ethyl-hydrazine is oxidized to diethylamine, e,g. by alkaline 
cupric oxide, is an a^eement witn such a formula. The 
hydrazines are relativdy stable towards reducing agents. 

For aliphatic Diazo and Triazo Compounds, see Chap. LI. 

F. Alkyl Derivatives of Phosphorus, Arsenic, &c. 

1. PHOSPHORUS 

Just as amines are derived from ammonia, so from phos- 
phuretted hydrogen, PHg, are derived primary, secondary, 
and tertiary phosphines by the exchange of hydrogen for 
alkyl radicals, and to these must likewise be added (quaternary 
compounds, the phosphoninm bases. The phosphmes corre- 
spond closely with the amines in composition and in some of 
their properties, e,g, they are not sapon^able. But they differ 
from them in the following points : — 

1 . Like phosphuretted hydrogen itself, the alkyl phosphines 
are only feebly basic; thus e&yl phosphine does not affect 
litmus, and its salts are decomposed by water. The salts of 
the secondary and tertiary compounds are not decomposed, 
thus showing that the presence of alkyl radicals tends to 
stren^hen the basic properties of the compound. 

2 . Like phosphuretted hydrogen they are readily inflam- 
mable, and they are consequently rapidly oxidized in the air 
and readilv take fire of themselves. * 

3 . As the phosphorus atom in these cbmpounds shows a 
tendency to pass from the ter- to the quinque-valent state, 
many of the phosphines behave as unsaturated compounds; 
they combine with oxygen, sulphur, halogens, &c., for ex- 
ample, (CIL)3P0, (0H3)3PS, (CH3)*PCl2, and a compound 
(CH3)3P, Qp2, in thelEorm of red pmtes. The products ob- 
tain^ on oxidation are characteristic, and may oe regarded 
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ad derived from phosphoric acid, 0:P(0H)8, by the replace- 
ment of one or more OH groups by one or more alkyl radicals : 

CHj«PH 2, with nitnc acid, yields CH8*PO*(OH)2, methyl phos- 
phonio acid. 

(CH3)2PH, with nitric acid, yields (CH3)2*PO«OH, dimethyl phos- 
phinio acid. 

(CH,),P, on oxidation in the air, yields (CH3)8PO, trlmethyl phos- 
phine oxide. 

4. Corresponding with the disagreeable smell of phos- 
phuretted hydrogen, they possess an excessively strong 
stupefying oaourj thus ethyl phosphine has a perfectly over- 
powering smell, and excites on the tongue and deep down in 
the throat an intensely bitter taste. 

Formaiion, — 1. The tertiary phosphines and quaternary 
compounds are formed directly from phosphine and an alkyl 
iodide. (Of. Amines, formation 2.) 

PHs + aCjH^I = P(C2H3)s + 3HL 

2. According to Hofmann (1871), primary and secondary 
phosphines are formed by heating phosphonium iodide and an 
alkyl iodide with zinc oxide, e.g , : 

2C2H5I + 2PH4I + ZnO = 2P(C2H8)H2, hi + Znl^ + HgO. 

They can be separated from one another by decomposing 
the salts of the primary phosphines by water, as already 
mentioned. 

3. The tertiary phosphines are produced from calcium 
phosphide and an alkyl iodide, a reaction first observed by 
Thenard in 1846; 

4. Also from phosphorus trichloride and zinc methyl, or 
magnesium alkyl iodides {Auger and Billy, C. 1904, 139 , 597). 

5. The phosphonium salts are formed by the combination 
of tertiary phosphines with an alkyl haloid, and closely 
resemble the corresponding ammonium compounds. 

Tri-ethyl phosphme, P(C 2 H 5 ) 3 , has no alkaline reaction. 
When concentrated !t possesses a stupefying, and when dilute 
a pleasant hyacintk-like odour. 

It forms a peroxide, PE^.Og, which is a powerful oxidizing 
agent, and hence tri-ethylphosphine can be used as ^n oxygen 
carrier, e,g. for the oxidation of indigotin by air. 

Tetramethyl- phosphonium hydroxide, P{CH 8 ) 40 H, yields 
trimethyl-phosphine oxide and methane when heated: 

P(CH 3 ) 40 H = P(CH 3)30 + CH4. 
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2. ARSENIC 

The similarity of arsenic to phosphorus and nitrogen is 
further exemplified by the analogous compounds which it 
forms with alkyl radicals. In virtue, however, of the more 
metallic character of arsenic, it does not show the same ten- 
dency to combine with alkyl radicals and hydrogen at the 
same time, but forms derivatives containing alkyl groups and 
electro-negative elements like chlorine or oxygen. Arsenic 
analogues of methylamine have been recently prepared, and 
are very unstable. {Dehn^ Am. C. J. 1905, 33, 120.) Tri- 
methyl-arsine, analogous to trimethylamine and trimethyl- 
phosphine, is well known. As primary and secondary com- 
pounds we have methyl - arsine dichloride, CHo • AsClg, 
dimethyl-arsine chloride, (CH 3 ) 2 AsCl, and analogous substances. 
They are colourless liquids of stupefying ^our, exerting 
in some cases an unbearable irritating action upon the mucous 
membrane. They do not possess basic properties. In 
addition to these there exist also quaternary compounds, 
arsonium salts, which are analogous to the quaternary phos- 
phonium salts. 

The halogen of the chlorine compounds is easily replaceable 
by its equivalent of oxygen. Thus, corresponding with the 
compound R-AsCl^ there is an oxide R*AsO and a sulphide 
and with the chloride Rg^Cl an oxide (RgAs)^©. 
These oxides, liquid or solid, are compounds of stupefying 
odour, and behave like basic oxides; hydrochloric acid recon- 
verts them into the corresponding chlorides. 

Here, also, the tendency of arsenic to change from the 
tervalent to the quinquevalent state is especially marked. 
The above chlorides and trimethyl-arsine itself all combine 
with two atoms of chlorine to compounds of the type AsX^ 
The above oxygen compounds of the type AsXg and also tn- 
methyl-arsine are consequently oxidizable to compounds con- 
taining one 0 atom or two OH groups more, acids or oxides 
which are also formed from the chlorides of the type AsXg 
by exchange of halogen for O or Olf, e,g, cacoayi oxide, 

(Me2As)20, to cacodylic acid, MegAs^Q®. These products 

are ther^ore completely analogous to the phosphonic and 
phosphimc acids and phosphine oxides already described. 

The compounds of the type AsX^, when 

heated, decompose into methyl chloride and compoimds 
As(CH,),.|Cl 4 .z, of the type AsXg, this elimination of methyl 
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chloride taking place the more readily the fewer methyl 
groups are present in the molecule; thus As(CH3)3Cl2 breaks 
up when somewhat strongly heated, As(CH3)2Cl3 at 50®, and 
As^CH3^Cl4 at 0®, i.e. the last-named is only stable when in 
a treezing-mixture. When, therefore, chlorine acts upon 
As(GH3)Cl2 at the ordinary temperature, the reaction appears 
to bo one of direct exchange of alkyl for chlorine, thus: — 

A8(CH3)Cl2 + 02 = AsClj + CH.,a. 

It is interesting to note that, like free “ methyl (CH3«), 
the radical •As(CH3)2 has no separate existence; cacodyl pos- 
sesses the doubled formula As2(CH3)4 (“Di-arsene-dimethyf’^) 

The tertiary arsines are formed : 

1. From sodium arsenide and alkyl iodide (Cahours apd 
Riche): 

AsNaj-faCjHjI = As(C2H3)3 + 3NaL 

2. From arsenious chloride and (a) zinc alkyl {Hofmann) 
or (J) magnesium alkyl halide {Pfeiffer, B. 1904, 37 , 4620; 
Sauvage, G. 1904, 139 , 674; Hibbert, B. 1906, 39 , 160). 

Trimethyl-arsine, A8(CH3)8, and triethyl-arsine, As(C2H3)3, 
are liquids sparingljr soluble in water. They fume in the air, 
and are thereby oxidized to tri-methyl- or -ethyl-arsine oxide. 

The secondary arsines are obtained from cacodyl and 
cacodyl oxide, which are formed when a mixture of potassium 
acetate and arsenious oxide is distilled {Cadet, 1760): 

0<:j^^ + 4(m,.CO^ = 0<^^^ + 2CO. + 200,K^ 


The distillate of cacodyl and cacodyl oxide so obtained, 
and termed ** alkarsin ”, fumes in the air and is spontaneously 
inflammable {Cadets “fuming arsenical liquid”). Hydro- 
chloric acid acts upon it to form cacodyl chloriae (Btmsen, 
183^, and caustic*potash solution giyes pure cacodyl oxide, 
As 2(CH3)40, a liquid of stupfying odour which produces 
nausea and unbearalhe irritation of the nasal mucous mem- 
brane; it boils without decomposition, and is insoluble in 
water and of neutral reaction. It yields salts with acids, 
e.g. cacodyl chloride with hydrochloric acid: ^ 

(XAsMes), + 2na » 2 AsMesCl + H^. 

The chloride is a liquid of eren more stupefying ^our and 
violent action than the oxide, and its vapour is spontaneously 
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inflammable. When heated with zinc clippings in an atmos- 
phere of carbon dioxide, it yields the free cacody^ As2(CH2^)4 
(from KaKfa&qSf “stinking”), a colourless liquid insoluble m 
water and boiling undecomposed at 170 °, and of a horrible 
nauseous odour which produces vomiting. It is as readily 
inflammable in the air as the vapour of phosphorus, yielding 
the oxide when slowly brought in contact with it, and also 
combining directly with sulphur, chlorine, &c. Cacodyl 
plays, therefore, the part of a simple electro-positive element; 
it is a true “ organic element” (Bunsen), 

CH O 

Cacodylic acid, crystalline, soluble in 

water, odourless, and poisonous. It forms crystallizable salts. 

For more complex Arsenic Compounds, see Chap. LIIL 


SUMMARY 




Compounds 
with Chlorine. 

Oxides. 

Acids. 

Primary .. 

Methyl- 
arsine 
dichloride, 
AsMeClo. 
B.-p. 133° 

Methyl- 
arsine tetra- 
chloride, 
AsMeCl4. 

Methyl- 
arsine 
oxide, 
AsMeO. 
B.-p. 96°. 

Methyl- 
arsonic acid, 
0:AsMe(0H),. 
Solid plates. 

Secondary 

Cacodyl 
chloriae, 
AsMe2CL 
B.-p. 100°. 

Cacodyl 

trichloride, 

AsMesCls. 

Cacodyl 
oxide, 
(^Me2)20. 
B.-p. 160°. 

Cacodylic 

acid, 

0:AsMe2*0H. 
Prisms. 
M.-p. 200°. 

Tertiary... 

Trimethyl- 
arsine, 
AsMej. 
B.-p. 70°. 

J 

Trimethyl- 

arsine 

dichloride, 

AsMe3Cl9. 

Trimethyl- 

arsine 

oxide, 

AsMe«0. 

Solid. 



3. ANTIMONY, BORON, AND SILICON COMPOUNDS 

Alkyl derivatives of antimony are also known, e,g, Tri- 
methylstibine, a spontaneously inflammable liquid with a 
garlic odSixv ; Antimony pentamethyl, SbMe^, a non-poisonous 
volatile liquid ; and Tetramethylstibonium hydroxide, 
SbMe4«OQ, a solid Resembling caustic potash. Mixed de- 
rivatives, e.y. SbEtgPh and SbEtPhg can be obtained by 
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heating a mixture of SbClg and SbPhg, first forming SbPhCL 
and SbPhgCl, and then treating these with magnesium ethyl 
bromide. 


The trialkyl derivatives of bismuth, e.g, BiMoj, are unstable, 
and bismuthonium compounds are not known. 

Boron tri-ethyl, 6(0^5115)8 (Frankland), is a spontaneously 
inflammable liquid which bums with a green flame with 
deposition of much soot; and boron trimethyl, B(CH3)8, an 
analogous gas of an unbearable stinking smell. 

The silicon compounds (Friedel and Crafis), in contradis- 
tinction to the foregoing, resemble methane and the paraffins 
rather than the spontaneously inflammable silicon hydride, 
and are very stable in the air. 


Tetramethyl silioane, Si(CH8)^ is a mobile liquid similar to 
pentane, and floats on water. Tetraethyl silicane or Silico- 
nonane, SiEt4, is also known, and gives rise to numerous 
derivatives corresponding with those of tetraethyl methane, 
e.g. SiCgHijCl, SiOgHi^.O .CO-CH^ SiCgHi^-OH, SiUcononyl 
alcohol, &c. Cf. Chap. XLVI, D., and for nomenclature. 
Kiting, J. G. S. 1912 , 101 , 423 . 


O. Organo-Metallic Compounds; Grignard Reagents 

Most of the important metals form definite compounds with 
alkyl groups. The composition of these organo-motallic or 
metallo-organic compounds almost always corresponds with 
that of the metallic chlorides from which they are derived 
by the replacement of halogen by alkyl. They are colourless, 
mobile liquids which boil without decomposition at relatively 
low temperatures ; they often decompose violently with water 
and bum explosively in the air, but in other cases they are 
stable, both in water and air. To the former category belong 
the magnesium, zinc, and aluminium alkyls, and to the latter 
the mercury, lead, and tin compounds. As most of the com- 
pounds are volatile, their molecular weights can be deter- 
mined, and hence the valencies of the respective metals deter- 
mined, as, the aXkyl ladicals are monovalent. Examples are: 
ZnMe2, CdMeg, Hg^tg, AlMeg, PbMe4, SnEt4, &c. 

Compounds are also known which contain halogen as well 
as alkyl radicals combined with a metal. They behave like 
salts. The halogen in them can be replaced by ^hydroxyl, 
whereby basic compounds result, compounds which are often 
much more strongly basic than the cerrespondinj^ metallic 
hydroxides, in accordance with the electro-^sitive character 
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of the alcohol radical. Such hydroxides or oxides cannot be 
volatilized without decomposition. Compounds of this typo, 
e.g. CHj-Mg-I, are very readily prepared from their com- 
ponents (Mg + CH3I) in dry ethereal solution, and are 
largely made use of as synthetical reagents. 

The organo-metallic compound may be prepared — 

1. By treating the alkyl halide with the metal in question 
In this way zinc-, magnesium-, and mercury-alkyls are got: 

Mgj + SCHjI = Mg(CHs)2 + Mgl,. 


'fhe mixed organo-metallic compounds (p. 125), e.g, OHj-Mg-l 
or CgHg-Zn*!, are probably formed as intermediate products. 

2. Numerous metallic compounds have been prepared by 
double decomposition between zinc-alkyl and the metallic 
chloride, or more recently by the action of the mixed mag- 
nesium compounds on the metallic chloride. Pfeiffer (B. 1904, 
37, 319, 1125, 4617) has prepared numerous tin, lead, and 
mercury compounds by this method: 


\Zn(CJELX + Sna. = Sn(CMX + 2ZnCl» 
icA-Mg-I + HgCl, = Hg((^5)3 + MgCl 


2Zn 
2 


+ Mgl,. 


Potassium- and Sodium methyl, K(CH3) and Na(CH3), 
Potassium- and Sodium ethyl, K(C2H5) and Na(CoH3), and 
similar derivatives, e.g, sodium benzyl, Na-CHg-CgHg, are 
formed by the action of the alkali metal on the corresponding 
mercury compound in dry benzene. They are mostly colour- 
less amorphous solids and burn in contact with the air. The 
benzyl compound is a red crystalline compound and its 
ethereal solution is an electrolyte (Schlenck and Holz, B. 1917, 
50, 262). They combine with carbon dioxide, yielding the 
alkali salts of carboxylic acids. 

Zinc methyl or methide, Zn(CH3)2 (Frankland^ 1849), is 
prepared according to method 1: 

(I) CHsI -f Zn = Zn(CHal); (II) 2Zn(CHg)I = Zn(CR^^ + Znij. 


The first stage is completed upon warrSing, and the second 
upon distilling the resulting product. The zinc is conveniently 
used in the form of the “copper-zinc couple”, and the reaction 
is facilitated by the addition of ethyl acetate, the reason for 
this not being know|i. Zinc methyl is a colourless, mobile, 
strongly refracting liquid of very piercing and repulsive smell 



124 IV. deiuvauvsb ot mokohydaio alcohols 


B.-pt. 46^; sp. 1*39. It is spontaneously combustible, and 
burns with a brilliant reddish-blue flame ^the zinc flame), with 
formation of zinc oxide, but may be distilled in an atmosphere 
of carbon dioxide. When the supply of oxygen is limited, 
zinc methoxide, Zn(OCH3)2, is formed. It reacts violently 
with water, yielding methane and Zn(OH)2, and with methyl 
iodide gives ethane. It is employed in the preparation of 
secondarjr and tertiary alcohols and of ketonea iodine con 
verts it into zinc-methyl iodide, ZnCHgl, white plates (see 
above), and methvl iodide; an excess of iodine yields zinc 
iodide and metWl iodide. 

Zinc ethyl, b.-pt. 118®, sp. gr. 1*18, closely 

resembles zinc methide. 

The mercuiy compounds, HgMoo and HgEt^, are produced 
by method of formation 1, also oy method 2. They are 
colourless liquids of peculiar sweetish and unpleasant odour, 
and boil respectively at 95® and 159®. The^ are permanent 
in the air, but inflammable, and both — especially the methyl 
compound — are very poisonous. 

Aluminium methyl, A1(CH.)3, is spontaneously inflammable 
and decomposes violently with water. B.-pt. 130®. For vap. 
dens, see B. 22, 551. 

Lead tetramethyl, Pb(CHs)4, and ethyl, Pb(C3H5)4 (Cahours), 
These are formed accoiding to method 2, curiously with 
separation of lead: 

aPbCl, + 2Zu(CRj)i = Pb(CH 3)4 + Pb 2ZnCl,. 

They are stable in the air, and are interesting from the lead 
in them being tetravalent The hydroxide, Pb(CHj)3*OH, 
forms pointed prisms, smells like mustard, and is a strong 
alkali; thus, it saponifies fats, drives out ammonia from its 
salts, precipitates metallic salts, &c. The compound Pb3(C2Hg)^ 
is also known. 

The tin compounds are similar {Ladenburg, FrarMand). 

Tin tetramethyl, Sn(CH«)4, Tin tetraethyl, Sn(C2H5)4, Tin 
triethyl, 805^(0511^)^ Tin dimethyl, Sn2(CH8)4, &c., are of in- 
terest as indicating the tetravalence of tin. 

GRIGNABD REAGENTS 

s 

For a number of years the zinc alkyl compounds were of 
considerable importance, as they were used for synthesizing 
different types of carbon compounds, more particulsfMy hydro- 
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carbons, secondary and tertiary alcohols and ketones, and the 
structural formulae given to products were largely based on 
these syntheses. 

Since 1900 the metallic alkyls have been almost completely 
replaced by the mixed organo-metallic compounds introduced 
by Gngnard (C. E. 1900, 130, 1322; 1901, 132, 336, 558), 
and hence commonly known as Grigmrd reagents. Within 
recent years no single group of compounds has proved of such 
value in synthetic chemistry as these reagents. 

The reagents are prepared by dissolving dry magnesium 
ribbon or filings in a dry ethereal solution of an alkyl bromide 
or iodide: 

Mg + CjHfil 

Aromatic compounds in which halogen is attached either 
to the side chain or nucleus react in a similar manner 
(cf. Chap. XIX, B.). 

The Grignard reagent does not exist as such in the ethereal 
solution, but in the form of an additive compound with ether, 
e,g. MgCHgl, ( 02115 ) 20 . This additive compound can be isolated 
by removing the ether and warming the residue under reduced 
pressure at 100 °, and is relatively stable, and undoubtedly may 
be regarded as a derivative of quadravalent oxygen, probably 

C2H5. .MgCHa 

and not 

C2H5/ M 

(cf. Grignard, Bull. Soc., 1907, [IV], 1, 255). The alkyl mag- 
nesium halides are also formed when benzene is used, but a 
much higher temperature is required, and a trace of ether or 
of a tertiary amine accelerates the reaction. 

The Grignard reagents react readily with water or with 
alcohols yielding hydrocarbons and a compound E-0«MgI: 

C2H5.OH-t-CH3.Mg. I — C2H5.0.MgI + CH4. 

Based on this reaction, a process has begn worked out for 
estimating hydroxy groups in carbon compounds {Hilbert and 
SudhoTou^, J. C. S. 1904, 86 , 933; Zercwetinoff, B. 1907, 40 , 
2023), and consists in measuring the volume of methene 
evolved. In a somewhat similar manner the reaction may be 
used for differentiating primary, secondary, and tertiary amines, 
as the firstf contains two, the second one, and the last no 
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reactive hydrogen atoms in their molecules {Sudborough and 
Eibbert), 

As synthetic reagents the Orignard compounds may react 
in one of three ways: 

1. With reactive hydrogen atoms, e,g, in -OH, -COOH, 
•NHg, -NHR, jCH, or the hydrogen atom of a reactive 
methylene group. The product formed from an alcohol and 
a Orignard reagent can by the action of an alkyl halide yield 

an ether: r.cHj-OH — R.CHj.OMgl; 

R-CHj.OMgI + C,HsBr — R-CH,*OCsHj. 


If a primary or secondary amine is used and the product 
treated with methyl sulphate, the N>methyl derivative of the 
amine is formed. 

2. With the halogen atom of an alkyl halide or an acid 
chloride. 


(а) C^.Mg.Br + CoH,Br — + MgBr«. 

(б) CaHs.MgBr + CHa.CO.Cl — CaHg.CO.CHg + MgBrCl. 

As a rule the reaction (6) does not stop at the formation 
of the ketone, but proceeds further as described under 3. 

3. The addition of CHg and Mgl to unsaturated linkings; 
the commonest of these is the addition to the *0:0, carbonyl, 
group, but can also occur at C : C, C : N, &c. 

The syntheses of alcohols — primary, secondary, and tertiary 
— is based on the addition of the Orignard to a carbonyl group 
and the reaction of the product with water or a dilute acid. 

(a) With formaldehyde H-CH : 0, the product is a primary 
alcohol: 

HjCiO + C^sMgBr — 


(6) With any other aldehyde the product is a secondary 
alcohol: 

CjHj.CH ; 0 + C,H,MgBr — 

(c) With a ketone the product is a tertiary alcohol : 

(CH,),C : O + (CH^C<gy ^ (CH^C<^ 

Tertiarv alcohols are also formed ifrom acid chlorides or 
esters and a Orignard reagent (cf. p. 75). In thbse reactions 
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it is probable that ketones are first formed by the exchange 
of the 01 of the acid chloride or the OEt of the ester for the 
alkyl group of the Grigimrd reagent. 

It is clear that if dialdehydes, diketones, or esters of dibasic 
acids are used dihydric alcohols (glycols) will be formed. 

In the preparation of an alcohol, especially in the aromatic 
series, it frequently happens that an olefine hydrocarbon is 
formed instead of the alcohol, especially when a high tem- 
perature is used, and is to be attributed to the elimination 
of Br*Mg*OH from the additive compound of the ketone or 
aldehyde and Grignard reagent (cf. Chap. XVIII, B.). 

Examples of the use of Grignard reagent will be found as 
follows: — Benzene hydrocarbons, p. 368; acids, pp. 149, 463; 
ketones, p. 139; aldehydes, p. 447; tertiary alcohols, p. 506; 
sulphinic acids, p. 428. 

A reaction which is of considerable importance for syn^ 
thetical purposes is the EeformaUky reaction (cf. p. 272), in 
which zinc, an alkyl iodide (or more frequently the ester of 
a brominated acid), and a ketone are used. It may be regarded 
as analagous to the use of a Grignard reagent. 


V. ALDEHYDES AND KETONES, 

The aldehydes and ketones are substances which are re- 
spectively formed by the oxidation of the primary and 
secondary alcohols, the oxidation consisting in the elimination 
of two atoms of hydrogen from each molecule of alcohol. 

The aldehydes are formed from the primary alcohols, and 
are easily converted by further oxidation into the correspond- 
ing acids containii^ an equal number of carbon atoms, oxygen 
being taken up. They possess in consequence strongly reduc- 
ing pro^rties. 

The ketones result from the oxidation of the secondary 
alcohols, and are more difficult to oxidi25e further; they do 
not possess reducing properties. Their oxidation does not 
lead to acids containing an equal number of carbon atoms in 
the molecule, but to others containing a smaller number, the 
carbon chaiA being broken. 

The lower members of both classes are neutral liquids of 
peculiar sm^ readily ^soluble in water and readily volatile, 
only CHjO oeing gaseous. As the number of carbon atoms 
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increases they become less soluble, and their odour becomes 
less marked with rise of boiling-point until the highest mem- 
bers are solid, odourless like paraffin, and only capame of being 
distilled under reduced pressure. 

The aldehydes closely resemble the ketones as regards modes 
of formation and also in many of their properties. 

Both groups of compounds contain the carbonyl :C:0 
CTOup, but in the aldehydes this is always attached to a hy- 
drogen atom, and also to an alkyl ^oup or a second hydrogen, 
CHg-CO-H and H*CO*H, whereas in a ketone it is at- 
tached to two alkyl groups, e,g, C^Hj-CO-CjHj. 

A. Aldehydes 

The homologous series of the aldehydes, CnHanO, corre- 
sponds exactly with that of the acids, CnHjnOa. They form 
a group of compounds exactly intermediate between the 
primary alcohols and the fatty acids. Each primary alcohol 
by the loss of hydrogen yields an aldehyde, and this by the 
addition of oxygen yields a fatty acid: 

H.CHj.OH — H.C<? — 

-2H ^+0 ^ 

CH,.CH,.OH ^ CH,.C<5 — &c. 

Their boiling-points are decidedly lower than those of the 
corresponding alcohols, and rise, in the normal aldehydes, 
at first by about 27^ for each CH^, and later on by a less 
amount. 

N<miendatwre. — The name aldehyde is derived from aZ(cohol), 
(feA^d(rogenatus), i,e, an alcohol from which hydrogen has 
been removed. The various aldehydes are named accord- 
ing to the acids to which they give rise on oxidation. For 
example, H«CHO formaldehyde, uHg^CHO, acetaldehyde, &c. 
Acconling to the Geneva Congress, the aldehydes receive 
names ending in al, e.g, ethanal for acetaldehyde. 

Modes of Formation. — 1. By the regulated oxidation of the 
primary alcohols, by potassium dichromate or 

manganese dioxide and dilute sulphuric acid; often slowly by 
atmospheric oxygen, especially in the presence of bone-black 
or platinum: o 

CB,.CH,*0H + 0 CH,.CH:0 + hA 
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2. From the acids of the acetic series, by distilling a mixture 
of their calcium or barium salts with calcium or barium formate 
(Limprichf). The foimic acid acts in this instance as a reduc- 
ing agent, producing calcium carbonate, thus: — 

CHj.COOca + HOOOca = CH3.CHO + CaCJO,. (ca = iCa.) 

3. From the dihalogen substitution products of the hydro- 
carbons containing the ^oup * 011 X 2 , by superheating with 
water or by boiling with water and PbO: 

GHj-CHClj + HjO = CH3.CHO + 2HCL 

4. From Ghigmrd reagents (p. 124), and ethyl formate or 
ethyl orthoformate. Also hy heating alcohols with metals or 
metallic oxides (Chap. XLIX, A., Oxidation). 

Constitution. — In the oxidation of the prima^ alcohols, 
B*CH2«0H, to their corresponding acids, B*CO*OH, the 
alkyl radical B remains unaltered. It must consequently also 
remain unchanged in the intermediate products of the oxida- 
tion, viz. the aldehydes, which therefore possess the constitu- 
tion B*GHO: 

GHg-CHa-OH CHg-CHO CHg-OO-OH 

Alcohol Aldehyde Acetio add. 

The aldehydes thus contain the group •CHO, either •C*OH 

or The former is not correct, since the aldehydes do 

not give the reactions characteristic of compounds containing 
hydroxyl radicals. All their properties point to the presence 
of the :C:0 group. The characteristic grouping of all alde- 

■cr 

hydes is thus the groim. This is confirmed by the fact 

that an acid chloride B*C^qI on reduction yields a primaiy 

alcohol and in certain cases an aldehyde can be isolated (Chap. 
VII, B.): 



Isomers . — Isomerism in the aldehydes is caused solely by 
isomerism* in the alkyl radicals B, which are combined with 
the group •CHO, and therefore contain an atom of carbon less. 
Otherwise^the aldehydes — from CgHgO on — are isomeric with 
the ketones, with the oxides of the olefines (aa. iddehyde with 
(BiW) Q 
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ethylene oxide, C2H4O), and with the alcohols of the allylic 
series. 

Behamour. — The aldehydes are distinguished by being 
exceptionally chemically active. 

1. The aldehydes are very readilv oxidizable, slowly even 
by the air alone, and quickly by chromic acid, salts of the 
noble metals, &c. They consequently reduce an ammoniacal 
solution of silver and often one of copper; this reaction is 
characteristic and is especially delicate in the presence of 
caustic-soda solution. (Formation of silver mirror.^ 

2. The aldehydes are easily reduced by nascent nydrogen, 
e.g, sodium amalgam and dilute acid or zinc dust and glacial 
acetic acid, to the primary alcohols from which they are 
derived by oxidation, e.g,i 

CH8.CHO + 2H = CH3.CHj.OH. 

A glycol is formed as a by-product, e.g. butylene glycol, 
C4H3 (OH)j, from CjH^O. 

3. Phosphorus pentachloride and trichloride convert the 
aldehydes into ethylidene chloride and analogous dichloro- 
substitution products of the hydrocarbons: 

CHj.CHO CHj.CHa,. 


4. Additive reactions. According to Perkin (J. 0. S. 1887, 
808), a solution of acetaldelwde in water contains a certain 
amount of the hydrate, CH8.CH(OH)2. (Cf. Chloral hydrate.) 
This compound is extreme^ unstable, and has never been iso- 
lated in a pure form. In tnose reactions in which it might be 
formed, its anhydride (acetaldehyde) is invariably produced, 
e,g, CHg-CHCL with alkali yields CBf^.CHrO as final product, 
and not CHj.CH(OH)2, although this is probably formed as 
an intermediate substance. 


Thus we conclude that two hydroxyl growps attached to the 
same carbon atom cannot as a rule exist together^ but a molecule 
of water is eliminated, and an aldehyde or ketone is formed. 
In particular cases bnly can compounds with two such hy- 
droxyl groups exiet (see Chloral). 

If, in place of water, NaHSO-, fTHj, HCN, &c., be employed, 
direct addition to the aldehvoes is readily observ^, and in 
all these reactions it is concluded that the additiofi occurs at 


the expense of the doubly-united oxygen atom. A hydrogen 
atom 01 the substance in question attacUbs itself to Jbhe oxygen 
of the aldehyde, with formation of a hydroxyl group, while 
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the residual X (e.g. ON), which was originally bound to the 
afore-mentioned H atom, becomes united to the carbon: 

CIH,-CH:0 -I- HX = CH..CH<^®. 

Cf. additive reactions of the olefines (p. 46). 

The most important additive reactions are: — 

(a) Combination with water, which would lead to a dihydric 
alcohol, does not as a rule take place, for the reasons already 
given. Should the alkyl radic^ of the aldehyde, however, 
contain several negative atoms, e.g. Cl, then the hydrates are 
capable of eidstence, for instance chloral hydrate: 

Cag-CHO + HgO = Caa-CH(OH),. 

But even in these cases the tendency for water to separate 
is too great to allow of such hvdrates behaving as dihydric 
alcohols; they react rather, for the most part, exactly like the 
aldehydes themselves. (Cf. Fyroracemic and Mesoxalic acids.) 

Occasionally, compounds with alcohol or acetic acid, e.g. 
R-CfH(OEt)(OH), or R*CH(OH)(OAc), are met with. They 
are, however, extremely unstable. When the aldehyde is 
heated with alcohol or acetic anhydride, stable ethers or esters 
of the hypothetical glycols are obtained: 

CHg.CHO + 2C^5.0H = CHs-CHCOGj^g), + H,0. 

CH8-CH0 + (^ 30 )j 0 = CHs-CHCOCgH^g),. 

The compounds obtained from alcohols, the so-called 
'^acetals” (see p. 135;, are also formed by the partial oxidation 
of primary alcohols, and are hydrolysed by sulphuric acid. 

(e) The aldehydes combine with sodium hydrogen sulphite, 
NallSOg, &c., to crystalline compounds, readily soluble in water 
but sparingly in alcohol, e.g, C 2 H 4 O, NaHSOg, JHgO. These 
are to be regarded as sulphite derivatives of the ethylidene 
glycols, for instance, CIia«CH(0H)(»0-S0QNa). Thev are 
almost invariably decomposed when heated with alkalis or 
acids and regenerate the aldehydes, auu ol great importance 
for the separation of aldehydes from mixtures. 

(d) The aldehydes combine with ammonia to aldehyde- 
ammonias. e.g. aldehyde-ammonia, (CH 3 • CHO, NH 3 ) 3 .'*^ These 
are crystalline compounds, for the most part readily soluble in 
water, sparingly in alcohol, and insoluble in ether. Like the 

* Accordiife to Asohan (B. 1915, 48, 874), has ml.*pt. 95-99% and is 
OH.OHMe.NH,(OH).OHMe.NH,(OH).OHMe.NHfr 
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bisulphite compounds, they are advantageously used for the 
purification of aldehydes, as they readily yield the aldehydes 
when warmed with dilute acid. (See p. 134.) 

{e^ The aldehydes combine with hydrocyanic acid to form 
nitnles of higher acids; thus acetic aldehyde yields the com- 
pound CH 3 -CH<^q^, ethylidene oyanhydrin. This reaction 

is largely made use of in the preparation of certain hydroxy 
acids, as the cyanhydrins, when hydrolized, yield hydroxy 

acids, e.g, OHg*CH<^QQjj, lactic acid. 

The action is accelerated by the presence of an alkali or of 
a metallic cyanide, Le. of the CN ion (cf. W, J. Joms^ J, C. S. 
1914, 106, 1660). 

(J) An interesting additive reaction is that between an 
aldehyde and a Origno/rd compound (p. 126). Thus acetal- 
dehyde and magnesium ethyl iodide yield ^CH«OMgI, 

and this with water gives methyl-ethyl-carbinol, q j| ^CH • OH. 

6. The aldehydes show great tendency to polymerize. (See 
pp. 12 and 47.) In the case of formaldehyde this poly- 
merization occurs spontaneously at the ordinary temperature. 
Acetaldehyde is polymerized upon the addition of small quan- 
tities of hydrochloric, sulphuric, or sulphurous acid, zinc 
chloride, carbonyl chloride, &c., to para-aldehyde, CgH^oOg, 
» (C 3 H 4 (^ 3 , at the ordinary temperature, and to meta-alde- 
hyde, ( 02 H! 40 ) 8 , at 0°. 

Another type of polymerization is the aldol condensation 
(see pp. 133 and 137). 

6. Aldehyde and several of its homologues, when heated 
with caustic-soda solution, are transform^ into a reddish- 
brown resin termed aldehyde-resin, a product insoluble in water 
but soluble in alcohol, and possessing a peculiar odour. Other 
aldehydes are transformed by alkalis into a mixture of equiva- 
lent amounts of alcohol and acid, thus: — 

2 ECOH + HjO = EOHjOH + H-COJI. 

7. The aldehydes show a great tendency to form condensaiion 
products with aldehydes, ketones, acids, &c. (Sc^ Croton- 
aldehyde, Cinnamic acid, &c.) 

(а) CHa-CHO + CHa-CHO = CHj.GHjCH.CHO + HgO. 

(б) CHj-CJO-CHa + R.CHO = CH8-CX)-CH:CHit + H«0. 

(«) CHa.OOjH + B-CHO = K.CH:CH.OOsH + HgO. 
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It is probable that in all these condensations direct addition 
first occurs; for example, in (a)aldol, CH 3 «CH(OH)«CH 2 *CHO, 
is first formed, and then by the loss of water forms croton 
aldehyde, OHs-CHrOH.CifO. (See p. 137.) 

8. With hydroxylamine the alde^des yield the so-called 
Aldoximes, water being eliminated (F. Meyer^ B. 15, 2778). 

= CHj-CHiN.OH + HjO. 


For the conditions under which oximes are formed, see B. 23, 
2769, 

9. The aldehydes react with hydrazines to form the so- 
called Hydrazones, water being eliminated. Phenylhydrazine 
is the reagent usually employed: 

CSa-CH:0 + ^;^ = CHa.CHrN.NH.CeHa + HjO 

Aldehyde-phenjl-hydraBone. 

Most of the phenylhydrazones are somewhat sparingly 
soluble in alcohol, ciystaflize very readily, and are made use 
of in identifying difierent aldenydes. On reduction they 
yield primary amines: 

CHa.CH:N.NH.CeHa + 4 H = CH3-CH3.NH3.fNH3.CeH3. 

10. Moist chlorine and bromine act utou the aldehydes as 
substituents; thus, from acetaldehyde cmoral is obtained: 

CH8.CHO + 3CI3 = CCla-CHO + SHa 

11. Sulphuretted hydrogen converts the aldehydes into thio- 

aldehydes. These are compounds of unpleasant aromatic 
odour, which show the same peculiarities of pol^erization as 
the aldehydes {KlirigeT). (Uf. E, B. 23, 60; 24, 

1419, 3591.) 

B^tions 8 and 9 may also be regarded as condensations. 
It is possible that in all these reactions direct addition first 
occurs, and that water is subsequently ' eliminated. 

Tests far aldehydes: * 

(1) ^haviour with ammoniacal silver-nitrate solution (p. 130, 
ana also B. 16, 1629). 

^2) Benaviour with alkaline bisulphites (p. 131). 

(3) Behaviour witji phenyl -hydrazine and hydroxylamine 
(see abov^). 

(4) Aldehydes colour a solution of fuchsine which has been 
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decolorized by sulphurous acid {Schiff^s reagent) an intense 
violet>red ; some ketones and chloral, but not chloral hydrate, 
produce the same effect. (R 13 , 2343; Bull. Soc. Chim. 
1894, 11 , 692.) 

Formaldehyde, Methanal^ H-CH:0, may be regarded as the 
oxide of the divalent methylene radical, CHgt. An aquesus 
solution containing methyl alcohol is obtainea by passing the 
vapour of the latter mixed with air over heated copper or 
platinized asbestos. Formalin is the commercial 40 per cent 
solution obtained by using copper. It is also a product of the 
action of ozone on methane (B. 1912, 46, 3616). It can be 
condensed to a volatile li(][uid boiling at —21®. It is largely 
used as an antiseptic and disinfectant, also for cor densing with 

E henols to yield the product known as Bakelite xnd recently 
as come into use as a methylating agent. 

Its chief polymeric forms are: 

(1) Para-formaldehyde, probably (CH20)2, a white mass 
soluble in water; (2) triozy-methylene, probably (CH20)3, a 
crystalline compound which passes into formaldehyde again 
when volatilized; (3) formose (Chap. XIV, A.), a mixture of 
several compounds of the nature of glucose. On account of 
this facility for undergoing polymerization, formic aldehyde in 
all probaoility plays an important part in assimilation by 
plants. 

It does not form an additive compound with ammonia, but con- 
denses to the complex compound CgHioN4, hexamethyleneamine. 

By its combination with hydrochloric acid, chloro-methyl 
aloonol {chloro-methanol), CH2Cl(OH), and hydrozy-ohloro- 
methyl ether {chlor(metMne-(Kcy-r^^ CH^Cl-0 *0112011, 
are formed. Both of these are colourless liquids, which react 
in many respects like formaldehyde itself. 

Kethylal, CH2(OCHg)2 (see Acetals, p. 131), is frequently 
made use of instep of formaldehyde, for carrying out conden- 
sation reactions. It is employed in medicine as a soporific, 
and is also used as an extractive for certain scents. B.-pt. 42®. 

Acetaldehyde, Ethanal, Aldehyde^ CH3*CH0, was formerly 
termed “acetyl hydride”, CgH-^O^H (Fourcroy and Fau^lin, 
1800; composition established by Liwig in 1836). It is pre- 
pared by passing ammonia gas into an ethereal solution of the 
crude aldehyde, obtained by oxidizing alcohol with K2Cr20^ 
-f H2SO4 and dr3dng over Ca0l2, wasting the precipitated 
aldehyde-ammonia with ether, and finally distilliiig it with 
dilute sulphuric acid. It is obtained in large quantity as a by- 
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product in the first portions of the distillate ** First Bnimings ” 
in the manufacture of spirit. For its production in place of 
vinyl alcohol, CHgiCH-OH, from acetylene, see pp. 53 and 84. 

It is produced commercially by the addition of water to 
acetylene under the influence of mercury and its salts (p. 53 
and Chap. L, G.), also from alcohol vapour by passing over 
heated copper. 

It is a colourless mobile liquid, boils at 21 ^, and has sp. gr. 
about 0 ’ 8 . Its odour is aromatic and sufibcating, and pro- 
duces a kind of cramp in the chest when inhaled. It burns 
with a luminous flame, dissolves sulphur, phosphorus, and 
iodine, and is readily soluble in water, alcohol, and ether. 

Para-aldehyde, C^ILgOg, is a liquid sparingly soluble in 
water. It melts at 10 , and boils at 124®, i,e. more than 100® 
above that of aldehyde, and is used as a soporific. 

Meta-aldehyde, ( 0211403 ) 3 , crystallizes in white prisms in- 
soluble in water, and sublimes at a little over 100 ®, but is 
partially reconverted into aldehyde. (B. 14 , 2271 ; 40 , 4341.) 

Meta-aldehyde is changed back again into ordinary alde- 
hyde by prolonged heating to 115® in sealed tubes, and also, 
as is the case with para-«udehyde, by distillation with some- 
what dilute sulphuric acid. Para-aldehyde reacts in the same 
way as ordinary aldehyde with PCI 5 , but not with NH3, 
NaHS03, AgN03, and NHgOH. This constitution of para- 
aldehyde may be represented as: 

(Kekuli and Zincie). Cf. p. 137. 

With regard to these and other polymeric compounds, the 
general rule has been proved to hold that, in the case of b^ies 
of similar constitution, the one of simpler composition is the 
more soluble, possesses the lower melting-point, and is the 
more easily vaporized. 

Acetal, CH 3 «CH( 0 C 2 H^) 2 , boils at 104®. It is usually ob- 
tained by the partial oxidation of ethyl alcohol with man- 
ganese dioxide and sulphuric acid, the acetaldehyde first 
formed condensing with the alcohol wiAi the production of 
acetal. This, as well as methylal, is frequently used instead 
of aldeh 3 ^e for the carrying out of condensation reactions (see 
p. 132). 

Propaldehyde, C 2 P 6 -CHO, is present in wood-tar. Nor- 
mal heptaldehyde {(xnanthal)^ 07 x 1140 , is obtained by the 
dry distillation of castor-oil under diminished pressure, &c, 
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Chloral, 24riMaro^thaml, GClg-CHO, is a liquid which 
boils at 98®, and which — when impure — easily changes into 
a solid polymeric modification, metarchloral, but is regenerated 
from this upon heating. It combines readily with water to 
chloral hy&ate, GClQ«CH(OH)n (see p. 131, a), and with 
alcohol to chloral alooholate, GCI3 • GH(OH)(OG2H5), and tri- 
cUoro-aoetal, GGl8*GH(0'G^5)2. The end product of the 
action of chlorine upon alcohol consists chiefiy of the last three 
substances. They are all colourless crystalline compounds, 
which are converted into chloral by distilling with sulphuric 
acid, and rectifying over lime. 

Ghloral is an oily liquid with a sharp, characteristic odour. 
It combines with sodium bisulphite, ammonia, hydrocyanic 
acid, and acetic anhydride, and reduces an ammoniacal solution 
of silver oxide. It is readily oxidized to trichloracetic acid, 
and decomposed by alkali into chloroform and an alkali for> 
mate (cf. p. 66). 

For properties of aldehydes and their derivatives, cf. Harries^ 
G. Z. 1916, ii, 991. 

Chloral hydrate, GGl3*GH(OH)2, forms large colourless 
crystals readily soluble in water, melting at 57®, and boiling 
with dissociation at 97®. It acts as a soporific and antiseptic. 
Sulphuric acid converts it into chloral. 

UNSATURATED ALDEHYDES 

Acrolein, Acr-<ddehyde,proj^ml, GHgiGH-GHO, is formed by 
the oxidation of allyl alcohol, by the distillation of fats, and 
by heating glycerol with anhydrous magnesium sulphate (B. 
1912, 46, 204). It is a liquid boiling at 52®, of pungent odour 
(the smell of burning fat being due to it), and of violent 
action upon the mucous membrane of the eyes. It unites in 
itself the properties of an aldehyde and of an unsaturated 
carbon compound, and therefore combines with ammonia and 
with bromine; it also unites with hydrogen bromide to hromo- 
prc^l aldehyde^ GH2Br»GH2«GHO. 

When distilled, hcrolein-ammonia yields picoline, GgH^N 
(see Pyridine bases); and crotonaldehyde-ammonia, by an 
analogous reaction, collidine, GgH^N. ^ 

Acrolein can combine with two atoms of bromine to acrolein 
dibromide (dibromoprop-aldehyde), G|IoBr*GHBr*GHO, a 
compound which is of importance in the synthesis of the 
sugars. (See Synthesis of Monoses.) 
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Croton-aldeliyde, CH 3 -CH:CH*GHO. When acetaldehyde 
is left for some time in contact with dilute hydrochloric acid 
or sodium hydroxide, polymerization occurs, and a substance 
termed aldol, or o-hyaroxy-butyraldehyde, is obtained, 
CH3«CH(0H)«CH2'CH0. The constitution of aldol follows 
from its properties. It cannot be readily converted back into 
acetaldehyde, and in this respect differs from the other poly- 
meric forms, viz. meta- and para-aldehyde. This difference is 
due to the fact that in the aldol condensation the union of the 
molecules has been brought about between carbon atoms, and 
hence the relative stability. Aldol when distilled or in 
presence of dehydrating agents yields croton-aldehyde, water 
being eliminated. 

CH3-CH(0H).CH,-CH0 = CHs-CH:CH.CHO + Hj,0. 

On oxidation it yields crotonic acid. 

B. Ketones 

The lowest member of the series. Acetone, contains three 
atoms of carbon. The higher members, from 0^2 on, are solid. 
They are all lighter than water; e.g, the sp. gr. of acetone is 
0*81 at 0®. 

Occurrence , — Acetone is present in urine, methyl-nonyl ketone 
in oil of rue, and also with homologues in cocoanut oil. 

Modes of Formation, — 1. By the oxidation of secondary 
alcohols; just as in the conversion of a primary alcohol to 
an aldehyde, this oxidation consists in the withdrawal of 
two hydrogen atoms from each molecule of the alcohol: 

CH8-CH(OH)-CH3-fO = CHa-CO-GHj-f HjO 
Isopropyl alcohol Acetone. 

Many primary and secondary alcohols are decomposed into 
hydrogen and aldehyde (or ketone) when heated in contact 
with a catalyst (see Chap. XLIX). 

2. By the dry distillation of the calcium or barium salts 
of fatty acids at about 400®: 

" q>co.+cb;.oo.oh. 

Some o( the ketones of hi^h molecular weight may be ob- 
tained by heating fatty acids with phosphorus pentoxide 
(Kipping)y or even beaj^ing the acids'at 295® for three hours: 

^‘e?coJ(?h = R-oo.r + oo,+h,o. 
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When a* mixture of two calcium salts is taken a mixed 
ketone is formed ; thus calcium acetate and calcium propionate 
yield methyl ethyl ketone in addition to dimethyl and diethyl 
ketones. As a rule, in addition to the mixed ketone, the two 
simple ketones, e,g. (CH 3 ) 2 CO and (C 2 H 5 ) 2 CO, are also formed. 

A modification of this method is to pass the vapour of the 
acid over heated carbonate of calcium, barium, or manganese 
(cf. Chap. XLIX, D.). 

3. From dichlorides containing the group O-CClg^O: 

(CH3)2CCl2 + HjO = (CH8)2C0 4- 2 HCl 

Acetone chloride Acetone. 

It is probable that the chlorine atoms are first replaced 
by hydroxyls, yielding the glycol, CMe 2 (OH) 2 , which imme- 
diately eliminates H 2 O, yielding the ketone, CMegO. 

4. By the action of zinc alkyl upon an acid chloride, 
acetyl chloride, CHs^GOGl. 

/OZnCHj 

An additive compound is first formed, CH 3 »C^^H 3 , 

which must be quickly decomposed by water, otherwise ter- 
tiary alcohols are produced: 

yOiZhCHaOH 

CHa-C^^a = CHa-CO-CHa + HCI + CHa-Zn.OH. 

This method of formation, which was devised by Freund in 
1861, allows of the preparation of any possible ketone by using 
the requisite zinc alkyl and acid chloride. 

At the same time it elucidates, together with method 2, the 
constitution of the ketones from the constitution of the corre- 
sponding acids. Gonclusions regarding constitution based on 
the latter method must be accepted with a considerable amount 
of reserve unless supported by other arguments, since in re- 
actions which occuf at high temperatures intramolecular re- 
arrangements can readily occur. Theoretically, therefore, 
keton^ are compounds which contain the car^^I group, 
CO, linked on both sides with an alkyl radical, If 

the alcohol radicals are the same, simple” ketones result; 
and if different, mixed” ketones. A compoun<^ with leas 
than 3 C atoms is thus impossibla 
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Ketones have been synthesised by the action of organo- 
magnesium compounds on nitriles or acid amides, 

E.CiN + I-Mg.R' = ^,>C:N.MgI, 

».CO.NH, + 2I.Mg.R' = + 

and these with water yield E-CO-E'. {Blaise^ C. 1901, 132, 
38, 133, 299.) 

5. From the ketonic acids or their esters, e.g. acetoacetio 
ester, OHj-CO^CH^-CO-OCoHj, by warming with moderately 
dilute sulphuric acia or with dilute alkalis. This important re- 
action will be treated of at greater length under acetoacetic ester. 

6. By the addition of water to homologues of acetylene, 
CHa-CiCH + H«0 = CHg.CO.CHg. This reaction occurs 
at relatively hign temperatures, or may be brought about 
indirectly by the aid of sulphuric acid, or solutions of mercuric 
salts 

Isomers , — The ketones exhibit the same isomerism as the 
secondary alcohols. This isomerism depends on the one hand 
upon the isomerism within the alkyl grou^, e,g. dipropyl 
ketone and di-wo-propyl ketone, which are linked togetner by 
the CO group, and on the other b^ the position of the ox^en 
atom in the carbon chain (position isomerism); thus, C 4 Ha*ub« 
Cl^is isomeric with C^H^-CO-OgH.. 

l^e aldehydes containing an equal number of carbon atoms 
in the molecule are always isomeric with the ketones, since 
both classes of compounds are formed from isomeric alcohols 
by the withdrawal of 2 H. 

Further, acetone is isomeric with allyl alcohol. Such an 
isomerism of a saturated with an unsaturated compound is 
termed saturation isomerism” (cf. p. 90). 

Nomendatvre . — The usual name is formed by adding the 
suffix ketone to the name of the alkyl groi^ present; e,g. 

diethyl ketone; OHj-OO-CgHg, methylethyl 
ketone, &c. The names of the simple ketones are also derived 
from the acids which yield them, e,g, “Vsderone” (C 4 H 9 ) 2 CO, 
from valeric acid. 

The systematic names of the ketones are formed bv taking 
the name* for the corresponding hydrocarbon, adding the suffix 
one to indicate the 0 replacing 2H, and then a number to 
indicate ^le position^ of tne 0 atom, e.g. CH^^CO^CH^^CH^, 
butan-2^>ne, 
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Bdumowr. — 1. Reagents which rive rise to nascent hydrogen 
reduce the ketones to secondary alcohols: (CH 3 ) 2 CO + 2 H » 
^CH 3 )«CH* 0 H. Small amounts of pinacones (p. 200 ) are 
formed at the same time. 

Drastic reducing agents, such as amalgamated zinc and 
concentrated hydrochloric acid, reduce both aldehydes and 
ketones to the saturated hydrocarbons (Clemmensen^ B. 1913, 
46, 1837). 

2 . Oxidizing agents, e.g, and dilute H 2 SO 4 , slowly 

convert the ketones into acids or ketones containing a smaller 
number of carbon atoms in the molecule (not — as in the case 
of the aldehydes — into acids containing an equal number), the 
carbon chain being broken. 

CH3.CX).CH3 + 40 = CH3.COOH + CO2 + H2O. 


Oxidation analogous to that of the aldehydes is clearly 
impossible. Oxidation to a ketonic acid is theoretically pos- 
sible with certain ketones, e,g, R-CO-CHg — ► R*CO*CO^H, 
but occurs only rarely. The usual oxidation leads to a scission 
of the molecule in such a manner that in a mixed ketone the 


CO group remains attached to the smaller alkyl group. Thus 
CH 3 *C 0 :-C 3 H^ on oxidation yields mainly acetic CHg-COgH 
and propionic OgHg-COgH acids; but at the same time a small 
amount is oxidized to a mixture of carbonic and butyric acids 
(B. 26, R. 121 ). 

The ketones do not possess reducing properties. 

3. Phosphorus pentachloride, PCI 5 , converts the ketones 
into the corresponding dichlorides, acetone, for instance, into 
acetone chloride, (CH 3 ) 2 CClo. 

4. Additive reactions, (a) The ketones do not as a rule 
combine with water and alcohol, for the reasons given under 
the aldehydes and at p. 133. 

( 6 ) With ammonia they yield complex condensation pro- 
ducts, e.g, di-acetone-amine, CgHjgNO, tri-acetone-amine, 
(Heintz); this reaction is more complicated than that 
with the aldehydes, 2 or 3 molecules of acetone combining 
with 1 molecule of ^ammonia, with elimination of water. 

(c) The ketones which contain the group CHg^CO*, and 
a few other relatively simple ketones, combine witji sodium 
hydrogen si^hite to crystalline compounds, e.g, acetone to 

(OH 3 ) 2 C<^Q^gQ HgO, which can be •converted back into 

the ketone by distillation with sodium-carbonate solution. This 
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very important reaction is made use of in aerating and puri* 
lying the ketones. Stewart has recently (J. C. S. 1905, 87, 185) 
studied the comparative rates at which some of these compounds 
are formed. 

(d) With hydrocyanic acid they yield hydroiy -nitriles, as 
in the case of the aldehydes; e.g. (CE[ 3 )sG<^^* 

{e) Ketones readilv form additive compounds with Qfignardf$ 
reagents, and when decomposed with water these yield tertiary 
alcohols (see p. 75 ): 

MeoOO + MeMgl = Me,C*O.MgI, 

MeaC.OMgl + H.OH = MesC-OH -f OH-Mg-L 

5. The ketones, unlike the aldehydes, do not possess the 

property of polymerizing, but they form condensation products 
Just as aldehyde is converted Into croton-aldehyae, so is 
acetone, by the action of many reagents — GaO, KOH, HCl, 
and H 2 SO 4 — converted, with elimination of water, into mesityl 
oxide, CeHioO, phorone, or mesitylene, accord- 

ing to the conditions (see these substances): 

2C8H4O = CeHjoO + HjO. 3 CaHeO = CpH^O -f- 2 H/). 

3CaHeO = C^iE^ + ZlELfi. 

Analogous condensations also ensue with other ketones or 
aldehydes under the influence of dilute caustic soda or of 
sodium ethoxide (B. 20, 655). In this way the more compli- 
cated ketones are formed {A, 218, 121 ). 

6 . Sulphuretted hydrogen converts the ketones into thio- 
compounds, e,g. acetone mto thio-acetone, CH 3 *CS*CH 3 (B 
16, 1368^, or their polymers. 

7. Halogens give rise to substitution products. 

8 . Like the aldehydes, the ketones — even O 35 — ^react with 
hydroxylamine, yielding oximes, which are termed Ketoximes 
{F. Meyer, R 16, 1324, 2778; 16, 823, 1784, &c.): 

(CTa),C5<) + = H,0 + (CHa)jC:N.OH(acetoxime). 

9. Th^ react in an analogous manner with phenyl-hydrazine, 
C 3 Hg«N!^»NH 2 {E. Fischer, B. 17, 572), with the formation of 
pnenyl-hydrazones (p. 133); 

(CH 3 ),Cj^;+;^;N.NH.CeH 3 « (CH 3 ),C:N.NH.Q 3 H 3 -|. 

Aoetone-pbenyl-hydiiwoiio. 
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and with semicarbazide, NHg • CO • NH • NIL or its hydrochloride 
yielding semioarbazones, e.g. (0113)20 : N-NH- CO -Nllg, which 
crystaluze well and have definite melting-points. Acetal- 
dehyde-semioarbazone melts at 162'’, and aoetone-semioar- 
bazone at 189^ The three reagents, hydroxylamine, 
phenyl-hydrazine, and semicarbazide, are extremely useful in 
detecting and identifying aldehydes and ketones. 

10. Nitrous acid (ethyl nitrite and sodium ethylate) gives 
rise to iso-nitroso-ketones, e,g. iso-nitroso-acetone, CH.-CO* 
CH:N*OH, by replacement of Hg by the group :N*OH 
(oximino). When hydrolyzed, the :N«OH group is replaced 
by oxygen, and diketones or aldehydo-ketones are formed. 

Acetone, 2-Propanonef CHg-CO-CHg. The formula was 
established by Liebig and Dumas in 1832. It is present in 
very small quantity in normal urine, in the blood, in serum, 
&c., but in much larger quantity in pathological cases such as 
acetonuria and diabetes mellitus. It is a product of decom- 
position of cellulose, and is found in wood spirit. It is usually 
manufactured from calcium acetate made from pyroligneous 
acid (p. 156), or by the fermentation of starch by a particular 
species of bacterium, which yields 71 -butyl alcohol and acetone 
(J. S. C. I. 1919, 88, 273 T.). 

It is a liquid of peculiar pungent odour; boils at 57 ’5°, and 
has sp. gr. 0*81 at 0°. It is soluble in water, but may be 
salted out from its aqueous solution, and it is also miscible with 
alcohol and ether. KMn 04 does not oxidize it in the cold, but 
CrOg converts it into acetic and carbonic acids. 

It forms a well-defined compound, Nal, 3CgH603, which 
can be used for purifying it on the laboratory scale (J. C. S. 
1913, 103, 1255). With sodium or sodamide it forms the 
derivative CHg*C(ONa):CH 2 , and the higher ketones can be 
obtained by the action of sodamide and alkyl iodides on 
acetone or other ketones, thus diethyl ketone, sodamide, and 
methyl-iodide yield di-isopropyl ketone, CHMeg-CO-CHMeg. 
(Ann. Chim. 1^3, [viiij, 29, 213.) Acetone may be detected 
by the formation of indigo when its solution in sodium 
hydroxide is warmed with (?-nitro-benzaldehyde. 

Sulphonal, (OH3)2 : C(S02* 03115)27 is formed when a mixture 
of acetone and mercaptan is treat^ with hydrochloric acid, 
and the meroaptol, ^0113)20(802^5)2, which is thus formed, 
is oxidized by potassium permanganate to the corresponding 
sulphone. It crystallizes in prisms, melts at 125% and acts 
as a soporific. 
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Meiityl oxide, C.HioO, = CHs-CO.OHiCKCHs)^ (Kans, 
1838; Baeyer), is a liquid of aromatic odour, boiling at 132^. 

Phorone, C^HiA = (CH«)jC:CH.CO.CH:C(CE^)ep forms 
readily fusible yellow crystals. Both of these compounds are 
obtained by saturating acetone with hydrochloric acid gas (A. 
180, 1 ). 

Metiiyl ethyl ketone (^-Butanone), CHo«CO*C 2 H(, is present 
in crude wood spirit, and is also formed by the oxidation of 
secondary butyl alcohol. B.-pt. 81*". 

Pinaooline l2-Dirnethyl-S-iuUiiion6\ methyl tertiary-butyl ketone^ 
CHg* CO *0(0113)3, is pi^uced ^7 the action of dilute sulphuric 
acid upon pinacone (p. 193\ This involves a characteristic 
rearrangement known as the ‘‘pinacoline reaction”. B.-pt. 
106°. 

A number of ketones have been obtained from the higher 
fatty acida These have been converted by Krafft into the 
corresDonding paraffins, by first transforming them into the 
chlorides, Cnll^Cla, by means of PCI 5 , and ^en heating the 
latter with hydric^ic acid and phosphorus. 

0. Aldoxlmes and Ketoximes 

The aldoximes and ketoximes are the compounds obtained 
by the action of hydroxvlamine on the aldehydes and ketones 
rei^ctively. They both contain the bivalent oximino group 
attached to carbon, e,g.: 

CH 8 -CH;N. 0 H and {CR^C:'tl-OK 
Aoetaldozlme Acetoxlme. 

They are either colourless crystalline compounds or liquids, 
and are both basic and acidic in properties. With metallic 
hydroxides they yield salts of the type CHg-CHiNOK; with 
mineral acids they form salts in much the same manner as 
ammonia does, e.g, CMegiNOH, HCl. 

The oximes are fairly readily hydrolvsed by dilute acids, 
yielding hydroxylamine and either an aldehyde or a ketone. 

On reduction they all yield primary amines, :N •OH— •••NHj. 

Dehydrating agents, e,g. acetic anhydride or acetyl chloride, 
transform the aldoximes into nitriles, water being eliminated: 

CHg-CK-N-IOli = CH,.C:N + Hp. 

The ketoximes with acetyl chloride followed by water 
undergo a rearrangement known as the Beckmann transfer- 
mationy thb final product being an acid amide or anilide. It 
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is probable that the hydroxyl group of the oxime changes 
place with one of the alkyl groups, and this then leads to a 
wandering of a hydrogen atom and a shifting of the double 
bond (of. also J. A. C. S. 1914, 36, 272): 

B.C.R' R.OOH R.C:0 
N.OH fi.R' “* NHR'. 


CmutUuUcn . — In the formation of the oximes the water 
eliminated is undoubtedly formed from the oxygen of the 
carbonyl group and the hydrogen atoms of the hy^xylamine, 
otherwise the reaction would m of the type 

CH,*CX)>CH, + NH,.OH as CH,.OO.CH,*NH, + Hp, 


and an aminoketone would result. There arS two possible 
ways in which water can be thus eliminated, yielding a com 

pound CMOjtN'OH or CMe,^ I . That the first of these 

^NH 

two formulae is correct is demonstrated bg the fact that when 

an alkyl derivative, ;0;N*0E or :C< | , is hydrolysed 

^N.R 


vrith ^drochloric acid an alkyl derivative of hydroxylamine, 
NHj'OB, is obtained, and hence the alkyl group is presum- 
ably attached to oxygen in the alkylated oxime, and the 
oxime itself thus contains an OH group. This constitution 
formula is in perfect harmony with the reactions character- 
istic of oximes. 

The oxime derived from an aldehyde or ketone often exists 
in isomeric forms. This is especially true of those derived from 
aromatic aldehydes and from mixed (unsymmetrical) ketones 
of the aromatic series. According to uoldsehmidt and F. Meyer, 
these isomers are structurally identical, and are stereo-isomeric 
(i,e, the isomerism is due to the spatial relationship of the 
various atoms and radicals). 

According to Hantmh and Werner, the isomerism is readily 
explicable if we asscme that two of the three valencies of the 
nitrogen atom, when N is united by a double bond to C, lie 
in the same plane, but that the thira valency lies outside this 
plane. Thus « « „ 
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with the oxime derived from an aldehyde, if the two valencies 
attaching N to C lie in a plane at right angles to the plane 
of the paper, then the OH radical must fall either close to the 
alkyl group B or to the H atom; in fact, two configurations 
are possible, viz. : — 

B*C*H B*C*H 

A.OH HO.i. 

These are known (1) as s^aldoximes when the H and OH 
are close together, and as a rule they readily lose water, 
yielding nitnles; (2) as UTi/t-aldoximes when the H and OH 
are far removed from one another. As a rule, these yield 
acetyl derivatives, and not nitriles, on treatment with acetyl 
chloride. 

The oximes derived from unsymmetrical ketones also often 
exist in stereo-isomeric forms, which can be explained in a 
similar manner: 

B-C.B' B.C.R' 

l-OH HO.Ir. 

No isomerism should occur, and so far none has been met 
with, in the case of the oxime derived from a symmetrical 
ketone when R = B'. The configurations of these isomeric 
ketoximes are generally derived from a study of the Beckmcmn 
transformation. 

B.C.R' R.C.R' 

II gives R.OQ.NHR' and || gives NKB-OO-R 
N.OH OH.N 

(See also Aromatic Aldoximes and Ketoximes, Chap. XXV, C.) 


VI. MONOBASIC PATTY ACIDS 
A. Saturated Acids, or C^Hj^+i-COgH 

The monobasic fatty acids are formed by the oxidation of 
the saturated primary alcohols or of their corresponding 
aldehydes. • These acids are monobasic, «.e. contain in the 
molecule only one replaceable atom of hydrogen, since, as 
a rule, they give riseP to only one series of salts or of 
esters. The^ are known as the fatty aoidz, because many 
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of them are contained in fats in the form of glyceryl esters. 

The group characteristic of acids is the carboxylic group 

jj, and it is the hydrogen of this group which be- 
comes replaced in the formation of salts. The basicity of an 
acid depends on the number of such carboxylic groups present 
in the molecule. Hantzsch (B. 1917, 60, 1422), in order to 
account for the different absorption spectra given by acids 
and their esters, suggests that in the acids and their salts the 
hydrogen or metal is attached to both oxygen atoms, but that 
in the esters the alkyl group is united to one oxygen only: 

Add, E.C<^|h. Ester, 

NOEMAL FATTY ACIDS AND THEIE PHYSICAL DATA 


Melting-pt 


Boilingpt 


Formic acid 

Acetic acid 

Propionic acid..... 

Butyric acid 

Valeric acid 

Gaproic acid 

Heptoic acid 

Capiylic acid 

Nonylic acid 

Capric acid 

Undecylic acid .... 

Laurie acid 

Tridecylic acid .... 

Myristic acid 

Pentadecylic acid, 

Palmitic acid 

Margaric acid 

Stearic acid 

Nondecylic acid... 
Arachioic acid..^.. 

Behenic acid 

Lignoceric acid.... 

Cerotic acid 

Melissio acid. 


CaHgO, 

OfBgOa 

^ 6 § 10^2 

c‘*h“o* 

^ 18 § 36^2 
^ 2 ® 40^2 

C^“o* 

CaoHeoO, 


do 

101' 

17° 

118° 

-36° 

141° 

-8° 

162° 

... 

186° 

+ 8° 

206° 

— 10° 

224° 

+ 16° 

236° 

12° 

254° 

31° 

269° 

29° 

1213° 

48° 

{226° 

61° 

{236° 

68° 

{248° 

64° 

{267° 

63° 

{269° 

60° 

{277° 

69° 

{287° 

66° 

{298° 

76° 

• •• 

83° 

• •• 

80° 

• •• 

78° 

• •• 

90° * 

• •• 


I 
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odour and corrosive action, and boil without decomposition. 
They dissolve readily in water, and the aqueous solutions exhibit 
a strongly acid reaction, although most of the anhydrous acids 
are without action on dry litmus paper. The intermediate 
members have an unpleasant smell like that of rancid butter 
or perspiration, and are oily and but slightly soluble in water. 
Mobility, odour, and solubility diminish as the percentage of 
carbon increases. The higher members, from are solids, 
like paraffin, insoluble in water, and can only be distilled 
without decomposition in a vacuum. Their acid character no 
longer finds expression in their reaction with litmus, but in 
their capability of forming salts with bases. These higher 
acids are readily soluble in alcohol, and especially in ether. 

In this series the boiling-point rises regularly for each 
increase in the number of C atoms in the molecule. The 
rise is roughly 19® for each increment of CHg. The melting- 
points do not exhibit the same regularity: the melting-point of 
any acid containing an even number of C atoms in the mole- 
cule is higher than the melting-point of the acid with an odd 
number of C atoms which immediately succeeds it. 

Similar phenomena have been observed in other homologous 
series. (See chapter on Physical Properties and Constitu- 
tion, XL VII.) 

The specific gravity of the liquid acids is at first > 1 , and 
from Cg onwards < 1 , and it decreases continuously to about 
0 * 8 , the paraffin character of the hydrocarbon radical becoming 
pr^nderant. 

Occurrence , — Many of the acids of this series are found in 
nature in the free state, but more frequently as esters, viz. : — 
(a) esters of monohydric alcohols (see wax varieties), (ft) esters 
of glycerol or glycerides, in most of the vegetable and animal 
fats and oils. For further particulars see pp. 1613 and 164. 

Formatian,-A. By the oxidation of the primary alcohols, 

R-CHj-OH, or their aldehydes, by means of KgCrjOy 

or MnOg and dilute H 2 SO 4 , or by the oxygen of the air in 

f )resence of platinum or of nitrogenous substar.ces, e,g, acetic acid 
rom alcohol. The acids thus formed contain the same number 
of carbon atoms as the alcohol or aldehyde. Many complex 
carbon compounds, e,g, ketones, unsaturated compounds, &c., 
when oxidized yield acids containing a smaller number of 
carbon atoms. The higher acids of niis series are converted 
into their l<^ver homologues when oxidized 
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2 . Several acids have been prepared from the halogen com- 
pounds containing the group •GX^ : — 

HCJa, + 4KOH == H-CX)^ + 3Ka + 2Hj,0. 

We should expect an exchange of the three chlorine atoms 
for three In^droxyls, with formation of the intermediate com- 
pounds CH( 0 H )3 or B * 0 ( 011 ) 3 . Such compounds are, how- 
ever, extremely unstable, and immediately eliminate water, 
yielding the acids (cf. p. 130): 

= E.C<gH + H,0. 

But derivatives of these trihydric alcohols, or ortho-acids as 
th^ are termed, are known; for example, ethyl ortho-formate, 
HG( 0 C 2 H.) 3 , a neutral liquid of aromatic odour, insoluble in 
water, and boiling at 146^ 

3. From the alkyl cyanides or nitriles, OnH[to+iCN. The 
cyanides, which are prepared by warming the alkyl iodides 
with cyanide of potassium, are converted into the fatty acids 
and ammonia by hydrolysis with potassium hydroxide solu- 
tion, with dilute or concentrated hydrochloric acid, or with 
sulphuric acid diluted with its own volume of water. 

The reaction may be regarded as the addition of two mole- 
cules of water to each molecule of nitrile: 

CHa-CSN — CH3.(X)-NH, — CH3.OO.ONH4, 

+H3O +H3O 

first yielding the acid amide, and then the ammonium salt of 
the acid, which is decomposed by the hydrolysing agent 
employed. The process, in the case of aromatic nitriles, can be 
stopped at the point when the acid amide is formed, but in 
the aliphatic senes this is almost impracticable. The reaction 
is the exact reverse of the formation of nitriles from the 
ammonium salts of fatty acids: 

CH3.OO.ONH4 CHj.OO.NH, -H. CHs.ClN. 

H3O H3O 

The great importance of this reaction, by meallis of which 
we can obtain an acid from an alcohol has been 
already indicated (p. 104). And sindb the acids can be con- 
verted indirectly by reduction into the corresponding alcohols, 
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it is thus possible to build up synthetically, step by step, the 
alcohols richer in carbon from those poorer in carbon, a cir- 
cumstance which is of especial importance in the case of the 
normal alcohols {lAeben and Bossi). As an example: 

CH3.OH — CH3I — CHg-CN — CH3.COOH. 

P and I KCN HydrolyBlt. 

The acid may be converted into the alcohol containing the 
same number of carbon atoms by one of the following methods: 
(a) Ca salt + Ca formate — ♦ aldehyde — ^ alcohol; (b) acid 
chloride reduced gives alcohol; (c) ethyl ester reduced gives 
alcohol. 

4. The direct introduction of the carboxylic group into a 
paraffin can be accomplished by the action of carbon dioxide 
on the sodium alkyl compound at a suitable temperature 
(JFanUyn): 

CH3Na + COa = CH3.C02Na. 

Formic acid is obtained from hydrogen and carbon dioxide, 
under the influence of the silent electric discharge: 

Ha + COa = H-COaH; 

or from hydrogen, potassium, and carbon dioxide, when the 
potassium is placed in a bell-jar filled with moist carbon 
dioxide (Kolbe and Schmitt, 1861); or by treating carbonate 
of ammonia, &c., with sodium amalgam. 

5. By the action of carbon dioxide on ethereal solutions of 
organo-magnesium haloids, a magnesium compound, 

CaHto+i.Mg.I + COa = CaHto+i-CO.OMgl, 

is obtained, which gives the free acid on the addition of dilute 
sulphuric acid (C. 1904, 138, 1048). 

6. By passing carbon monoxide over heated caustic alkali 
or alcoholate, ^us: 

CHg.ONa + CO = CHs-COaNa (at 160°). 

H-ONa + CO = H.COaNa. 

7. By the addition of hydrogen to unsaturated acids, e,g* 
propionic acid, CHg-CHo-COa-H, from acrylic acid, OH^rOH* 
COoH. Thi# addition of nydrogen may be effected (a) directly 
by hydriodic acid and phosphorus, sodium amalgam and water, 
or by the aid of hydrog£i and reduced nickel at a temperature 
of about 100^ (Abstr. 1903, 1, 647), or hydrogen and colloidal 
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ralladium at the ordinary temperature, Chap. XIAX; (5) in- 
airectly, by addition of hydrobromic acid and inverse substi- 
tution. Unsaturated acids also yield saturated ones contain- 
ing fewer carbon atoms when fused with potash, e.g, 1 mol. 
orotonic acid, yields 2 mols. acetic acid, C2H4O2. 

8. From the liydroxy acids, by reduction with hydriodic 
acid: 

CHs-CH(OH)*OOaH-f2HI = CHs-CHa-COaH + I, HjO 

Lactic acid Propionic acid. 


9. From many polybasic acids, by the elimination of COg, 
for example, formic from oxalic, COOH-COO H, and acetic 
from malonic, COgiH-CHg-COgH. 

10. Aceto-aceiic ester syntheses , — The homologues 

B-CH,-OOOH and |,>CH.COOH 

can be prepared from acetic acid first converting the latter 
into aceto-acetic ester, CHj-CO^CHa.COOCaH^, mtroducinc 
alkyl groups into this, and then decomposing the compouna 
so obtainea by concentrated alcoholic potash. (Cf. Aceto- 
acetic Ester, p. 236; and Malonic Ester, p. 246.) 

Separation , — Natural fats are nearly all glycerides, t.d. esters 
derived from the trihydric alcohol, glycerol, and various fatty 
and other acids, so that a mixture of acids is obtained when 
any natural fat is hydrolysed. This mixture may be separated 
into its components as follows: — 

(a) By fractional distillation in a good vacuum; (5) hy 
fractional precipitation of an alcoholic solution of the acids 
by means of magnesium acetate, calcium chloride, &c., the 
acids richer in carbon being precipitated first; (c) by frac- 
tional solution: the dry barium salts of formic, acetic, pro- 
pionic, and butyric acios are very differently soluble in mco- 
hol, the solubility increasing rapidly with the nimaber of 
carbon atoms; {d) by fractional neutralization, and distillation 
of the non-combined acid. 

Behemour, — 1. eSalts, The acids are monobasic, and th^ 
form normal salts, e.g. CH.-CO^a. They also yield acid 
gaits — the so-call^ per-aoid salts — from the existence of 
which wo might feel inclined to doubt their monoBasic nature. 
These salts can, however, be crystallized from a strongly acid 
solution only; they decompose on thS addition water, and 
also lose their excess of acid when heated. The formation of 
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such acid salts is now usually regarded as being due to the 
quadravalency of one of the oxygen atoms, e.g , : 

U-CX)\^Na 
R.CO-(V^H * 

All the other chemical characteristics of the acids go to prove 
their monobasicity, especially the non-formation of acid estei's. 

2. The monobasic acids give rise to different groups of deri- 
vatives in much the same manner as the monohydric alcohols. 
The typical hydrogen atom is replaceable by an alkyl ^oup 
with formation of an ester or alkyl salt, e,g, CH 3 *CO*OC«H 5 , 
ethyl acetate, or by a second acid radical with formation of an 
anhydride; the hydroxyl may further be replaced by halogen, 
especially chlorine, to an aoia chloride, by SH to a thio-aoid, 
by NHg to an amide, &c. (See Acid Derivatives, p. 177.) 

3. Halogens act upon the acids as substituents (see p. 173). 

4. When the alkali salts are heated with soda lime, or fre- 
quently when the silver salts are heated alone, carbon dioxide is 
diminated and a paraffin formed (see e.g. Methane). Paraffins are 
also formed when the alkali salts are electrolysed (see Ethane). 

5. Most of the acids are relatively stable towa^ oxidizing 
agents, formic acid alone being readily oxidized to carbonic 
acid, and thus possessing strong reducing properties. 

6. 'VMien the lime salts of the acids are heated with calcium 
formate they are reduced to aldehydes, and when heated for 
a ler^hened period with hydriodic acid and phosphorus, tc 
'paraffins. 

6a. When the lime salts are distilled alone, or when the 
higher acids are heated with phosphorus pentoxide, they are 
transformed into the ketones, (Cn_iH 2 n-i)aCO. 

ConstiMim , — It follows from their modes of formation, 
especially 3, 4, and 6, and also from their behaviour (see 4 
above), that acetic acid and its higher homologues contain 
alkyl radicals. The conversion of the alcohols into acids 
containing 1 atom of carbon more, by means of the cyanides, 
is especially strong proof of this. The latter contain the 
alkyl radical bound to the nitrile group ^C:N, and when 
they are hydrolysed the alkyl radical remains unchanged, and 
the tervalept nitrogen is replaced by 0^ and (OH)', both of 
these attaching themselves to the carbon atom of the original 
cyanogen, and so forming the group 
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Consequently all the oxygen in the acid is united to a single 
carbon atom in the form of the group COoIL This group, 
which is termed carboxyl, is characteristic of the existence of 
acid properties. Further proof of the presence of the carboxyl 
group is based largely on the reactions of the acids. The 
alkyl group which they contain must be directly attached to 
C, as it is not removed bv the action of acids or alkalis. We 
thus have CnHaa+i-C. The presence of an OH group follows 
from the reaction of the acids with POL or PCI5, when an 
atom of 0 and an atom of H become replaced by an atom of 
Cl, and they must presumably therefore be present in the 
form of the univalent -O-H group. There is only 1 oxy- 
gen atom left over to account for, and this is presumably 
attached to the C by a double ^nd, and thus we have 

OnHjn+i'C^Qjj. The monobasic acids may therefore be re- 
garded as compounds of the alkyl radicals with carboxyl, or, 
in other words, as derived from paraffins by the replacement 
of one hydrogen atom by a carboxyl group, thus: — 


Formic acid is, in this way, the hydrogen compound of 
carboxyl, H»CO«H. 

The acids are aistinguished as piirmry^ secondary^ or tertiary^ 
according as the alk;^ radicals which they contain are pri- 
mary, &C. Thus: — 

Primary Secondary Tertiary 

E.CHj.OO^ ER'CH-CO^ EIl'R"C.OO^. 

There is no room for doubt that it is the hydrogen atom of 
the carboxyl group, the so-called “typical” hydrogen atom, 
which is replaced hy metals in the formation of salts, for the 
foregoing acids are all monobasic, and consequently the number 
of hydrogen atoms present in the alkyl radical is of no 
moment for the acid character. In the di- and polybasic 
acids, the presen<ft of two or more carboxyls can usually be 
demonstrated. 

If the composition of the primary alcohols, is 

^mpared wi& that of the corresponding acids, B*CO*OH 
fB = alkvl or hydrogen), the latter ^re seen to be derived 
from the former by the exchrage of two atoms tf hydrogen 
for one atom of oxygen. The character of the original 
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substance is thus completely changed by the entrance of the 
electro-negative (acidifying) oxygen. 

Ncmmmtwre, — ^The names for the first five acids are special; 
from Cq onwards, with a few exceptions, the names for the 
normal acids indicate the number of carbon atoms, e»g. hexoic, 
heptoic, or heptylic, &c. The systematic name (Geneva Con- 
gress) of the normal compound is obtained by adding the word 
acid to the name of the paraffin containing the same number 
of carbon atoms, e.g. acetic acid = ethane acid. 

The monovalent radicals left when OH is removed from 
the molecule of each acid are often spoken of as acid or 
acyl radicals. (Cf. Alkyl Badicals.) The commonest of 
these mdicals are CH.«CO*, acetyl; C 2 H 5 *GO*, propionyl; 
CgH^-CO*, butyryl; &c. 

The aldehydes may be looked upon as hydrogen compounds 
of the acyl radicals, and the ketones as compounds of the latter 
with alkyl radicals, thus: — 

(CHj*00)H (aldehyde) (CH 3 *CO)CH 8 (acetone). 

The constitution of aldehydes and ketones, and of compounds 
derived from them, is bas^ on the constitution of the mono- 
basic acids. 

Isomers. — The acids of the acetic series show the same iso- 
merism as the alcohols containing 1 atom of carbon less, since 
they are formed from these by means of the cyanides. Thus 
we have 1 propionic acid, 2 butyric acids corresj^nding with 
the 2 propyl alcohols, 4 valeric acids corresponding with the 
4 butyl alcohols, and so on. 

Formic acid {Methane acid)^ acidum formidewm^ CH 2 O 2 
{Samuel Fisher and John Wray^ 1670; Marggraf)^ occurs free 
in ants, especially Formica rufa^ in the processionary cater- 
pillar {Bombyx processumea\ in the bristles of the stinging 
nettle, the fruit of the soap-tree {Sapindus saponaria); also in 
small quantity in perspiration, urine, and the juice of flesh. 

Formation. — From HCN, CHOla, CHgOH, COg, &c. (See 
General Methods of Formation.) Its salts are obtained by 
the reducing action of sodium amalgam upon ammonium car- 
bonate or solutions of the alkali hydrogen carbonates {Lieben); 
the free acid by the dry distillation or oxidation of many 
organic substances, e.g. starch {Scheele). 

Preparation. — 1. Sodiusn formate is manufactured by absorb- 
ing carbon monoxide in soda lime at 210® (Merz). For kinetics 
of the reaction, see Bredig^ Z. Elec. 1914, 20, 489. 
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2. When oxalic acid is heated, formic acid is obtained in 
small quantity together with carbon monoxide, carbon dioxide, 
and water, and the same effect is produced by the direct 
action of sunlight upon its aqueous solution containing uranic 
oxide: 

C2H2O4 = CO2 + CH2O2. 

This decomposition is best effected by heating crystallized 
oxalic acid with glycerol to 100°-110® {Berihelot, lJ)rin\ and 
adding more oxalic acid crystals as soon as the evolution of 
carbon dioxide ceases. The reaction can be repeated a number 
of times, and relatively large amounts of formic acid are pro- 
duced from oxalic acid by the use of a relatively small amount 
of glycerol. The first product is a mon-oxalate of glycerol, 

0H-CH2-CH(0H).CH2-0-C0-iC02|.H, 

which then decomposes into COn and glyceryl monoformate 
or monoformin, 0H*CH2*CH(0H)»CH2'0*CH0 (cf. glyceryl 
esters). The addition of more oxalic acid liberates formic 
acids, and this distils over with the water from the crystals 
added, and glyceryl monoxalate is reformed. (Chattaway, 
J. 0. S. 1914, 106, 151.) 

0H.CH2-CH(0H).CH-0.CH0 -f COaH-COaH 

-H. 0H.CH2-CH(0H).CH.0-C0.c6aH-t-HC02H. 

The anhydrous acid is obtained by decomposing the solid lead 
or copper salt with sulphuretted hydrogen. 

Propetiies, — It is a colourless liquid which solidifies in the 
cold and fumes slightly in the air. M.-pt. + 9®; b.-pt. 101°; 
sp. gr. 1*22. It has a pungent acid and ant-like odour, acts 
as a powerful corrosive, and produces sores on the soft parts 
of the skin. It is a much stronger acid than acetic acid, is 
a powerful antiseptic, and decomposes completely into carbon 
monoxide and water when heated with concentrated sulphuric 
acid: CH5P2 =*CO + ^0. 

Potassium-, HCOgK, sodium-, HC02Na, and am- 
monium formate, HCO2NR4, form deliquescent crystals. The 
first two yield oxalates when strongly heated, w?th evolution 
of hvdrogen (see Oxalates); the ammonium salt yields form- 
amide and water at 180®: 

9 ) 

HOOj.NH^ = H.CO.NHj + H,0. 
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The lead salt, Pb(HG(X) 2 , forms glisteniim, sparingly soluble 
needles, the copper salt, Cu(HC 02)2 + ^HgO, large blue mono- 
clinic crystals, and the silyer salt colourless crystals. The 
last-mentioned deposits silver when warmed, consequently a 
solution of nitrate of silver is reduced when heated with formic 
acid. 

A solution of the soluble mercuric salt, Hg(HC 02 ) 2 , evolves 
carbon dioxide when gently warmed, and yields EPee formic 
acid together with the sparingly soluble mercurous salt, 
Hgg^HCOg)^, which separates in white plates; on further 
heating, carbon dioxide, formic acid, and metallic mercui^ 
are obtoined. Similarly an aqueous solution of mercuric 
chloride is reduced by formic acid to the mercurous salt, 
H^Cl^. 

Formic acid is thus a strong reducing agent, and in this 
respect diflfers from the other members of the series: 

HCX).OH = OOg + SH. 

It decomposes into carbonic acid and hydrogen when heated 
alone to 160®, or when brought into contact with finely-divided 
rhodium. 

This power of reduction may be attributed to the alde- 
hydic grouping contained in its constitutional formula, 
H.O.CHrO. 

Acetic acid {Ethane acid), OHg»COOH, was known in the 
dilute form, as crude wine vinegar, to the ancients. Stahl 
prepared the concentrated acid about 1700. OUmber mentions 
wora vinegar (1648). Its constitution was established by 
Berzelius in 1814. ^Its of acetic acid are found in various 
plant juices, especially those of trees, and in the perspiration, 
milk, muscles, and excrementa of animals. Esters of acetic 
acid also occur, e,g, triacetin in croton-oil (see p. 164, and also 
under Glycerol). 

Formation (see p. 146 et seq ,). — It is the final product of the 
oxidation of a great many compounds, and also of their treat- 
ment with alkalis. 

The following synthesis is of historical interest: — ^Perchloi*o- 
ethylene, C 2 CI 4 , which is prepared from CCI 4 , i.e. from Cl and 
CSo, yields ^ith chlorine in presence of water in direct sun- 
light trichloracetic acid, carbon hexachloride, G^Clg, being 
obviously foqned as intermediate product {Kotbe, 1843)^ 

0aa-0a3 + 2H,0 = OCla-OOgH + SHa 
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The latter acid is reduced to acetic by nascent hydrogen 
(Mekens). 

Preparation. — 1. From alcohol. — A dilute aqueous solution 
of alcohol, containing up to 15 per cent, is slowly converted 
into acetic acid on exposure to the oxidizing action of the air 
and in presence of certain low forms of plant life known as 
bacteria, especially Bacterium aeeti. These or^nisms are con- 
tained in me air, and hence become de^sited in alcoholic 
li<]^uor8 exposed to the air, and thus produce the souring of 
wines, &c. For the growth of the micro-organisms it is 
essential that nitrogenous matter, phosphates, &c., shall be 
present, and hence pure alcohol mixed with water does not 
turn sour. In the quick process” dilute alcoholic liquors 
are allowed to trickle over oeechwood shavings which nave 
been previously coated with the required bacteria (mother of 
vine^r), and the temperature is kept at about 35^ 

Ymegar is an aqueous solution of acetic acid, usually con- 
taining only 3 to 6 per cent, but containing also small quan- 
tities of alcohol, of the higher acids, e.g. tartaric and succinic, 
the ethyl esters of the aci£i, albuminoid matters, &c. 

2. From wood. — The dry distillation of wood, which is con* 
ducted in cast-iron retorts, yields: (1) g^es, e.g. hydrogen 
16 per cent, methane 11 per cent, carbon dioxide 26 per cent, 
car^n monoxide 41 per cent, and higher hydrocarbons 7 per 
cent; ^2) an aqueous solution known as pyrolimeous acid, which, 
in adoition to acetic acid, contains methyl alcohol, acetone, 
homologues of acetic acid, and strongly smelling combustible 
products (empyreuma); and (3) wood- tar, which contains 
compounds of the nature of carbolic acid. The pyroligneous 
acid is worked up for acetic acid by converting it into the 
sodium or calcium salt, heating these — the former to fusion, 
and the latter to 200®, and then distilling with sulphuric acid. 

3. For its formation from acetylene, ci. Chap. L, G. 

Properties. — Acetic acid is a strongly acid liquid of pungent 

odour, which feels slippery to the touch and burns the skin, 
and which solid^es on a cold day to large crystalline plates 
melting at 17®; (glacial acetic acid). It boils at 118®, and its 
vapour bums witn a blue flame; sp. gr. at 16® = 1-066. When 
mixed with water, contraction and consequent increase in den- 
si^ ensue, the maximum point corresponding with the hydrate 
CHg^COoH + HjO, = CHj *0(011)3 •(ortho-acetic acid), which 
contains y 7 per cent acid and nas a sp. gr. of 1^76 at 16-6®; 
after this, the specific gravity decreases with further addition 
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of water, so that a 60 -p 6 r*cent acid has almost the same density 
as one of 100 per cent. The amount of acid present in a solu- 
tion is determined either by its sp. gr., this contraction being 
borne in mind, or by titration with standard alkali, using 
phenolphthalein as indicator, or with very concentrate acid 
by a careful determination of its melting- (freezing-) point in 
the Beekmmn apparatus. The vapour density near the boiling- 
point is much higher than that required by theory, but is 
normal above 250 . The high values are due to the associa- 
tion of the molecules at the lower temperatures, and in the 
liquid state the molecular formula is undoubtedly (C2H402)z9 
&c. The acid is hygroscopic, and stable towards chromic acid 
and cold permanganate of x)Otash. It dissolves phosphorus, 
sulphur, and many organic compounds, is corrosive, and gives 
rise to painful wounds on tender parts o/ the skin. 

Salts . — All the normal acutes are soluble in water. The fol- 
lowing potassium salts are known : — (a) KCoHoOn, {b) KCnHoOo, 
HC2H3O2, and (c) KC2H3O2, 2HG2H3O2. 

Sodium aoetete, GHg^COONa, 3H2O, forms transparent 
readily soluble rhombic prisms. Ammonium acetate, GH.« 
C 0 « 0 NH 4 , resembles the potassium salt. It is used in medi- 
cine as a sudorific (liquor ammonii acetici). Its solution loses 
ammonia on evaporation, and it yields acetamide when dis- 
tilled. Ferrous acetate, Fe(G2H302)2» is largely used in the 
form of “ iron liquor ” as a mordant in dyeing. The normal 
ferric salt, Fe (G2H302)3, which is employ^ for the same pur- 
pose, is obtained when a soluble ferric salt is mixed with sodium 
acetate. Its solution is deep red in colour, and deposits the 
iron as basic salt, GH8*GO*OFe(OH)2, when heated with 
excess of water. It is used in medicine as ‘Miquor ferri 
acetici”. The analogous aluminic acetate is known only in 
solution, and finds a wide application as ^^red liquor” mordant 
in calico printing and dyeing. Its use depends upon the fact 
that it is readily hydrolysed by water, e.g. when exposed to the 
action of steam, and on the insolubility of the compound 
(lake) formed from the residual alumina apd the colouring 
matter. It is employed in small doses as an astringent in 
cases of diarrhoea, &c. Lead salts. ( 1 ) Normal lead acetate 
or sugar of^ lead, (GH8»GOO)2Pb + 3H2O, is manufactured 
from sheet-lead and acetic acid. It forms colourless lustrous 
four-sided prisms, which are poisonous and of a nauseous 
sweet taste. • It combines with lead oxide to ( 2 ) basic salts of 
alkaline reaction, termed sub-acetates. 
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The simplest basic salt has the composition 0H*Pb*0« 
CO-CHg, but there also exist others, e.g, 0H*Pb*0*Pb«0* 
CO^CHg, &C. Two molecules of acetic acid can combine 
with as many as 5 molecules of lead oxide. These basic 
acetates are used as Goulard^s lotion, and on the large scale 
for the preparation of white-lead, &c. 

Cupric acetate, Cu(C2H.02)jj + 2 H 2 O, dark-green crystals, 
also forms basic salts (verdigris). Silver acetate, AgG 2 H 302 , 
forms characteristic glistening needles. 

Detection of Acetic Add. — (1) When an acetate is heated with 
alcohol and sulphuric acid, the pleasant-smelling ethyl acetate 
is formed; (2) by means of the silver salt; (3) by the odour 
of cacodyl produced upon heating the potassium or sodium 
salt with arsenious oxide. (See p. 120.) 

Propionic acid, CHg-CHg^COnH (Gottlieb, 1844), may be 
obtained by the reduction of acrylic or lactic acid (see pp. 149 
and 150); also from lactate or malate of calcium by suitable 
Schizomycetes fermentation (Fik). It is usually prepared by 
the oxidation of propyl alcohol with dichromate mixture. 
(See pp. 104 and 148.) 

Calcium chlonde separates it from its aqueous solution in 
the form of an oil, whence its name irpAros, the first, and Trtcor, 
fat ; the first oily acid. 

Butyric acids, C^H^Og. 

1. Normal 1)ut]nuo acid, butane add, ethylacetic add, 
CHj • CHg • CHg • COgH, occurs free in perspiration, in the 
juice of flesh, in the contents of the large intestine, and in 
the solid excrementa; as hexyl ester in the oil of the fruit 
of Heradeum giganteum, as octyl ester in Fastinaca saliva, and 
to the extent of 2 per cent as glyceride in butter (Ch^eul, 
1822). 

Formation . — (See also General Modes of Formation.^ It 
is produced (1) by the decay of moist fibrin and of cheese 
(being therefore contained in Limburg cheese); (2) by a Schizo- 
mycetes fermentation of glycerol, and of carbohydrates (Felouze 
and Odis; Fitz; see below); (3) by the oxidation of albu- 
minoids with chibmic acid, of fats with nitric acid, of coniine, 
&c., and (4) by the dry distillation of wood. 

Preparation , — In the “butyric fermentation”/)! su^r or 
starch by fission ferments (e.g. Bacillus butylicus), CaCOg or 
ZnO being added at the same tim^ to neutralize the acid 
formed. r 

If the fermentation is brought about by impure material 
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(decaying cheese, &c.), lactic acid is first produced by other 
micro-organisms, this being then converted into butyric acid 
by the butyric bacillus. 

Properties , — It is a thick liquid of unpleasant rancid odour, 
in presence of ammonia like that of perspiration, is miscible 
with water, and separates from its aqueous solution on the 
addition of salts. B,-pt. 163®. The calcium salt, Ca(C4H702)2 
+ HgO, forms glistening plates, and is characterized by being 
more soluble in cold than in hot water; it therefore separates 
on warming the concentrated cold aqueous solution. On pro- 
longed heating of the solution, however, it is transformed into 
the calcium srft of isobutyric acid. 

2. Isobutyric acid, 2 -methyl -propane acid^ dimethyl -acetic 
acidf (CH3)2:CH*C02H, is present in the freer state in the 
carob (Redtenhacher\ in the root of Arnica montana, and as 
esters in Fastinaca sativa and Eoman chamomile oil. 

It is obtained from isopropyl cyanide {Erlenmeytr)^ by the 
oxidation of isobutyl alcohol, by the aceto-acetic ester syn- 
thesis (p. 237), &c. It resembles n-butyric acid, but is more 
sparingly soluble in water (1 in 5), and boils 9® lower, i,e, at 
154®. Unlike the latter, nowever, it is easily oxidized to 
acetone or acetic acid, and carbonic acid. The calcium salt, 
Ca(04H^02)«, differs from its isomer in being more soluble in 
hot water tnan in cold. The solution is accompanied by a 
slight absorption of heat, whereas the solution of the salt of 
the 7i-acid is accompanied by a slight evolution of heat. 

Valeric acid, CgHjQOg, exists in the four different modifica- 
tions which are theoretically possible; 

1. Normal Valeric acid {Pentane acid), propyl-acetic add, 
CHg* (0112)3 *00211, from normal butyl cyanide {lAehen and 
Bossiy 1871), is best prepared from propyl-malonic acid. (See 
B. 21, Eef. 649; also malonic ester synthesis.) It boils at 185®, 
and is soluble in 27 parts of water, 

2. Isovaleric acid, ^ - methyl -butane acid, isopropyl -acetic 
addy (0113)2 : OH • OH^ • OOgH, is obtained from isobutyl 
cyanide. It is found in the free state and in the form of 
esters in the animal kingdom and in many plants, especially 
(free) in the valerian root {Valeriana officinalis)y and in the 
angelica root {Angelica archangelica), from which it is obtained 
by boiling with soda ; further, in the blubber of the dolphin 
{Chevreuly 1817), in thck berries of Viburnum opulus, in the 
perspiration irom the foot, &c. The natural acid is usually 
mixed with the active valeric acid, and is therefore optically 
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active; the oxidation of fermentation amyl alcohol by chromic 
acids yields a simOar mixture. When pure it is optically in- 
active, boils at 175^ and has an unpeasant pungent acid 
odour, like that of old cheese, and a corrosive action. It is 
used in medicine. 


3. Uethyl-ethyl -acetic acid, dciive valeric add^ 2 -methyl • 
P fT 

hutam add, q tj®]]>CH«C 02 H, occurs in nature, as already 

mentioned, ana results from the oxidation of the active ( — ) 
amyl alcohol; it is in this case (+) optically active, while, 
if prepared synthetically, e.g. by the aceto-acetic ester re- 
action, it is optically inactive, but can be resolved by suitable 
methods into a + valeric acid and a — valeric acid. [For 
determination of optical activity, see section on Physical 
Properties.! 


l^ere are thus three distinct acids, one dextro-rotatory, 
one lasvo - rotatory, and the third optically inactive, which 
have to be represented by the same structural formula, viz.. 

gHpCH.CO^. 

As regards their ordinary chemical and physical properties, 
the two active acids are exactly alike, and dmer only in their 
action on polarized light. This difference is not due to the 
different arrangements of the molecules, as all three are liquids, 
and in liquids the molecules are not usually regarded as having 
definite arrangements. A further proof that the cause of 
the activity, and hence of the isomerism, is to be sought for 
in the molecules themselves, and not in any special arrange- 
ments of the molecules, is the fact that the optical properties 
of the acids in the gaseous state are similar to those in the 
liquid. The investigations of Pasteur, Le Bel, and FanH Hoff 
have shown that this kind of isomerism, which is now usually 
termed stereo-isomerism, is due to the fact that the com- 
pound contains a carbon atom to which 4 different radicals 
are attached; in the case of valeric acid these are, H, CHg, 
G 2 H 2 , COoH. Such a carbon atom is usually termed an asym- 
metric canion atiom. (This expression does not mean that the 
carbon atom itself is asymmetric in shape, but that it is attached 
to four distinct radices, and as we sludl see la^r this pro- 
duces an asjrmmetric molecule.) 

FanH flop showed that if we assume that these radicals are 
arranged around the carbon atom, not in a single plane, but 
in the three dimensions of space, then every compound con- 
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taining a single asymmetric carbon atom should exist in the 
modifications represented by the figures 1 and 2. 


b b 



Such modifications are not identical, since they cannot be 
brought to superposition (this can be shown readily by the 
aid of models), but they are very similar : in fabt, they stand 
in the relationship of the ri^ht to the left hand, or in the 
relationship of an asymmetnc object to its mirror image. 
They are enantimorphous. 

The spatial relationship of the radicals is often expressed 
by stating that if the asymmetric carbon atom is situated 
as the centre of a regular tetrahedron, then the four radicals 
occupy the solid angles of the tetrahedron. The arguments 
in favour of the spatial representation of the molecules of 
carbon compounds are largely based on a consideration of 
the number of isomeric forms in which simple carbon deriva- 
tives occur. For example, no simple compound of the type 
Caabb is known to exist in more than one modification. 
If, however, the radicals and carbon atom were arranged in 
a single plane, we should expect the two modifications: 



but with the spatial or tetrahedral arrangement we can get 
but the one modification. ’ 


a 



(B4801 


7 
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An examination of models* will clearly show that in what- 
ever way we exchange the radicals a and we always arrive 
at a fi^re which can be superimposed on the one dej)icted. 

Similarly with regard to compounds Caabc, in which 
2 of the 4 radicals are alike. The tetrahedral arrangement 
allows of one modification only, and in these cases only 
one is actually known. When, however, all four radicals are 
distinct, e,g, Cabcd, the spatial arrangement admits of two 
enantiomorphous or non-superposable configurations, which 
are in the relationship of object to mirror image, and these 
two modifications represent the two optically active isomerides. 
fn which almost every compound of the type Cabcd has 
been shown to exist. An examination of the models repre- 
senting the two modifications shows that they are both asym- 
metric, ie, a plane of symmetry cannot be drawn through 
them, and the optical activity which such compounds exhibit 
when in the liquid state, or in solution, is undoubtedly con- 
nected with the asymmetry of their molecules. Since the 
two configurations contain the same radicals and are very 
similar, in the one case containing the 4 radicals arranged 
in what we may term a positive, and in the other, in the 
opposite or negative direction, we should expect the molecules 
of the two compounds to produce rotations of the polarized 
ray equal in magnitude but of opposite si^. This is the case 
with the two optically active valeric acids; the pure dextro- 
acid has a rotation of + 17*85°, and the Isevo-acid — 17*85°. 

In addition to the two optically active modifications, a third 
isomeride is usually known which is optically inactive. As it 
can be synthesised by mixing together equal weights of the 
d and I compounds, it follows that such a compound is either 
a mixture or a definite compound of the two active isomerides, 
t.6. its optical inactivity is owing to the fact that the two 
components are present in equal quantities. Such isomerides 
are often spoken of as raoemio compounds, and are optically 
inactive by external compensation. Such racemic compounds 
may be resolveijL into their optically active components by 

* In using models it must be remembered that the models are not sup- 
posed to represent in the least ^he actual shapes of the atoms, but merely 
their spatial relationships. It must also be borne in mind ^hat the atoms 
and radicals in the molecules are in a state of motion, and the fixed posi- 
tion represented in the model may be supposed to represent the mean 
^K>sition of the centre of gravity of any ps^cular atom in its oscillatoiy 
motion, or the position which the centre of gravity would oo^Kipy at absolute 
zero. 
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several methods, most of which were devised by Pasteur, (See 
Racemic Acid.) 

Relationship between Asymmetry of the Molecule and Optical 
Activity, — Since the two isomerides of the type Cabcd ore 
optically active, it should follow that any derivative of valeric 
acid in which the four radicals attached to the central carbon 
atom are still different should be also optically active, but 
that a derivative in which two of the radicals become similar 


should become inactive. This question has been examined by 
Le Bel in the case of some forty derivatives of active amyl 


C H H 

alcohol, Q Qjj. The alcohol, its chloride, amine, 

all its estera, its oxidation product, viz. valeric acid, and 
all its salts, esters, &c., are optically active ; the hydrocarbon 
OH H 

C reducing the chloride is, however, op- 

tiLiliy inactive, and cannot be resolved into active components. 

4. Trimethyl-aoetio pivalic acid^ (CH8)30 *00211, can be 
prepared from tertiary butyl cyanide {Butleroff, 1873). It melts 
at 35^ boils at 164^, and has an odour like that of acetic acid. 


Of the hexylio acids, eight are theoretically possible, and 
of these seven are already known. The most important among 
them is normal caproio acid, OH3 • (OH2)4 • GOJi{Chevreulj 1822), 
which is found in nature, e,g, in cocoa-nut oil, Limburg cheese, 
and as a glyceride in the butter made from goats' milk, and 
is produced in the butyric fermentation of sugar, and by the 
oxidation of albuminous compounds and of the higher fatty 
acids, &c. Like valeric acid, it has a very unpleasant and per- 
sistent odour of perspiration and rancid butter. B.-pt. 205®. 

The higher acids which are found in nature are all of 
normal constitution, and contain for the most part an even 
number of carbon atoms. Qoats’ butter contains the acids 


G3, Cg, and CiQ, hence the names caproio, oapriHo, and caprio 
acids, and cocoa-nut oil — in addition to those three — the acid 
Cig. This last, lauric aci^ is contained more especially in 
oil of laurels (Lauras nobilis); mjrristic acid, 0^4, is present 
in oil of iris and nutmeg butter (from Myristica moschata); 
araohidic acid, Cgo, in ground-nut oil (Arachis hypogeea); 
behinio aeJd, C22, in the oil of ben (Moringa oleifera)] oerotic 
acid, Cge, forms in the free state the chief constituent 
of bees'-wax, and as cSryl ester that of Chinese wax. Pal- 
mitic acid, t^igHgoOg, and stearic acid, C38H85O2 (pp. 164 and 
167), are very widely distributed, being nearly always accom- 
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panied by a third acid poorer in hydrogen, viz. oleic acid, 
C10H34O2 (see Unsaturated Acids). 

Most animal and vegetable fats and oils, e.g, tallow, suet, but- 
ter, palm, olive and seal oils, consist almost entirely of glycerides, 
viz. the glyceryl esters of palmitic, stearic, and oleic acids; 
these esters being termed, for the sake of brevity, palmitin, 
C8H5(O.CO.Ci5il8i)3, stearin, C8H8(0. CO -0171186)8, olein, 
03115(0 -CO •0,^1133)3. As palmitin and stearin are solid and 
olein liquid, tne consistence of a fat or oil depends on the 
preponderance or otherwise of the solid esters. The constitu- 
tion of the fats was elucidated by Chevreul in 1811 . Rancidity 
consists of partial saponification in most cases and subsequent 
oxidation, whereby strongly smelling fatty acids are set free. 

Most of the varieties of wax are, on the contrary, esters of 
monohydric alcohols; thus bees’- wax consists of the melissic 
ester of palmitic acid, Cg^HgiO- CO *0551131, together with free 
cerotic acid, Chinese wax (from Croton seUferumy the tallow- 
tree) of the ester C27H550* CO *0231153, and spermaceti (Ceta- 
ceum, in the skull of Phydter macrocephalus) of the ester 

Cj^saO.CO.CifiHai. 

From all these esters the acids are obtained in the form of 
potassium salts by saponification with alcoholic potash, thus : — 


C3H5(O.CO.CirH35)3 + 3 KOH = 3 C17H35CO2K + C3H5(OH)3. 

stearin Potaasium stearate Glycerol. 


The separation of the acids is effected by fractional crystal- 
lization, fractional precipitation with magnesium acetate, or 
by fractional distillation either of the fats themselves or of 
their esters in a high vacuum. Oleic acid can be separated 
from palmitic and stearic by taking advantage of the solubility 
of its lead salt in ether. 

The stearine candles of commerce consist of a mixture of 
palmitic with excess of stearic acid, some paraffin wax being 
usually added to prevent them becoming crystalline. The 
manufacture of candles depends upon the saponification of the 
solid fats, especiaMy of beef and mutton tallow, by means of 
water and lime, of concentrated sulphuric acid, of super-heated 
steam, or of Twitchell’s reagent. 

Soaps consist of the alkaline salts of palmitic, Stearic, and 
oleic acids, hard soaps containing sodium salts, chiefly of the solid 
acids while soft soaps contain potassiuni' salts, principally oleate. 
By the addition of common salt to a solution of a po^ssium soap, 
the latter is converted into a sodium soap, which is insoluble in 
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a solution of sodium chloride. This process is usually termed 
“ salting out ”, and is analogous to the precipitation of sodium 
chloride by the addition of hydrogen chloride to its saturated 
solution. (Cf. “Phys.Chem.” Chap. XXII.) These alkali 

soaps dissolve to a clear solution in a little water, but with 
excess of water are hydrolyzed to a certain extent, yielding 
free alkali and free fatty acid or acid salt, analagous to potassium 
peracetate. The cleansing action of soap is usually attributed 
to the presence of the smidl amount of free alkali thus formed: 

CiyHgg.OOjNa + H.OH Ci^Hag.OOjH + NaOH. 

This hydrolysis is similar to that observed in the case of 
inorganic salts derived from a feeble acid and a strong base, 
and increases with increasing dilution. The production of 
free alkali (or free hydroxyl ions) can be readily understood 
by aid of the theory of ionization. The salt R-uOgNa, when 
dissolved in water, may be assumed to be ionized to a certain 

+ 

extent in the normal manner, thus giving rise to cations Na 

and anions B«G02. But water itself is ionized to a slight 
+ “ + 
extent to H and OH ions, and we should thus have H and 

R'COg ions in the same solution; the acid from which the 
sodium salt is derived is a feeble acid, and hence shows little 

+ “ 

tendency to ionize, and thus the H and R*CO^ ions will unite 
to form non-ionized molecules R-COgH. This implies removal 
of hydrions from the sphere of chemical action, and a certain 
number of water molecules will be ionized in order to supply 
fresh hydrions ; these will again unite with the acid ions, and 
the two reactions will proceed until a state of equilibrium 
is established. In this state of equilibrium we shall have 
~ + + “ 

R-GOj, Na, H, OH ions and R-COgH and H^O molecules; 

but it is obvious that the OH ions will be largely in excess of 
+ ^ 
the H ions, since a considerable number of these latter have 
been used up in forming non-ionized molecules of acid. The 
solution, a# a whole, will thus possess more or less pronounced 
alkaline properties. (Gf. Walker^ “Phys. Ghem.”, Ghap. XXX.) 
The calcium, barium, 8,nd magnesium salts are insoluble in 
water, but* partly crystallizable from alcohol. The preci- 
pitates produced by the action of hard water on soaps consist 
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largely of those insoluble salts. The lead salts are prepared 
by boiling fats with lead oxide and water, and form the so- 
called plaisters or lead plaisters. 

It is highly probable that mixed glycerides occur in fats, e.g. 
C 3 H 6 (O.CO.Oi 5 H 3 ,)(O.CO.Ci 7 H 85)2 in lard (Abs., 1913, i, 
44 n and butter (i^., 1040). 

For electrical conductivity of soap solutions, cf. Banbury and 
Martin^ J. C. S. 1914, 106, 417; M^Bain and Martin^ %bid,^ 
967, and for detergent action, cf. Pickering^ ibid.^ 1917, 111, 86. 

The higher acids with an uneven number of carbon atoms. 
Oil, Ci 3 , Cj 5 , and C^.^, are prepared synthetically from the acids 
containing 1 atom of carbon more, hy transforming them into 
the ketones Cn_iH 2 a_i • CO • CH 3 (p. 137), and oxidizing these, 
when acids Cn_ 2 Hto _3 • COOH are obtained. (KraffL) 

On these reactions a method for proving that the higher 
fatty acids, e.g, palmitic and stearic, are normal in constitution 
has been based. (See Caution, p. 138.) 

The acid C^gHg^ • CO 2 H is converted into the ketone CjgHgj • 
CO-CHg; this on oxidation yields C| 4 H 29 -C 02 H and acetic acid. 
The conversion into ketone and subsequent oxidation is re- 
peated, and an acid, COgH, obtained. The processes 

are repeated until an acid, UH 3 *(CH 2 ) 7 *C 02 H, n-nonylic acid, 
is obtained. This can be shown to have a normal structure 
bv synthetical methods, and hence all the higher acids must 
also have a normal structure, since if the acid Ci 3 H 27 *C 02 H 
had not a normal structure, but contained a side chain, e,g. 

CH 

0 jj^^CH-COgH, on conversion into the ketone and sub- 
sequent oxidation it would not yield the acid, 
but a ketone, CHg-CO-Cj^Hgg, or the oxidation products of 
this ketone. 

Dissociation constant. — One of the most characteristic 
physical constants of the organic acids is what is termed the 
dissociation or affinity constant K, which is derived from 

the equation k = — =- — where v = volume of solution 
^ t;(l-a)’ 

in litres containing 1 gram mol. of the acid, a is the amount 
ionized, and 1— a the amount not ionized. This equation is 
based on the law of mass action. In the case of any feeble 
organic acid, e,g. acetic acid, where wq^have 1 gram molecule 
dissolved in v litres of solution, a state of equilibrium repre- 
sented by the equation CHg^COOH CHa-COO + H occurs. 
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Then if and represent the velocity constants of the direct 
and reverse reactions, we have, according to Guldherg and 
Waage's law, at the stage of equilibrium: — 


h V 1““^® ___ /, ^ w ^ 

A — 4^2 A — A —, 


v(l— a) 



The extent of ionization in a solution containing 1 ^am 
molecule in v litres is determined by electrical conductivity 
determinations, a. = i.e. the degree of ionization at a 

dilution v is the ratio of the molecular conductivity at this 
dilution to the molecular conductivity at infinite dilution 
when all the acid molecules are ionized. (Cf. Walker^ Chap. 
XXV.) For a weak acid, k remains constant, and aifords 
a convenient measure of the strength of an organic acid. 
As a rule, the constant is usually taken as 100 times k^ or K 
= 100 A 


Acid. Formic. Acetic. Propionic. n-Butyric. iso-Butyric. 

K 0*0214 0*00180 0*00134 0*0015 0*00144 


Formic acid is obviously much the strongest of the fatty 
acids, but they are all comparatively weak acids compared 
with the strong mineral acids. Close comparison cannot be 

drawn between the two groups, as the equation k = ^ 

(l-tt)v 

does not hold good for strong acids. 

Palmitic Acid {hexadecane acid\ CH3*(CH2)i4-C02H, is 
most conveniently prepared from palm-oil; also by fusing 
oleic acid or cetyl alcohol with potash. 

Stearic acid, CH3«(CHg)iQ*C02H, is formed, among other 
methods, by reducing oleic acid, and is also obtained from 
the so-called shea-butter or from mutton suet. 


B. Unsaturated Acids, or C„H 2 „,^i.COaH 



Meltlng-pt. 

Boiling-pt. 

Acrylic acid, C3H4O2 .... 


7° . 

140“ 

(\a 

.. u 
I2 

72° 

182° 

Crotonic acids, C4H, 

16° 

172“ 

• 

16° 

160“ 

Angelic acidlp n 
Tiglicacid • 

r 

45° 

186“ 

I 

65° 

198“ 

Ol^ic acid, CjgHMOg 

Erucic acid, C22H42OJ.... 


14° 

. . . 


33° 

... 
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These acids are known as the acids of the oleic series. In 
their physical properties they closely resemble the saturated 
acids, apart from differences in melting-point, which are some- 
times considerable. They have the chemical properties char- 
acteristic of monobasic acids; they yield salts, esters, amides, 
&c., in much the same manner as the saturated acids; but in 
addition they resemble the olefines in the readiness with 
which they yield additive compounds with hydrogen, halo- 
gens, or halogen hydrides, thus forming fatty acids or their 
substitution derivatives. Thus oleic acid, when 

treated with Hg in presence of colloidal Pd, yimds steanc 
acid, CigHgeOg, and with bromine, dibromo - stearic acid, 
^18^84^^202. In this way they characterize themselves as 
derivatives of the unsaturated nydrocarbons of the ethylene 
series, from which we may imagine them to be formed by the 
replacement of an atom of hydrogen by carboxyl. They may 
therefore be termed olefine-carboxylic acids. 

Upon the addition of halogen hydride, the halogen does not 
always attach itself to that carbon atom to which the smaller 
number of hydrogen atoms is united. 

The presence <3 the double bonds renders them much more 
sensitive to oxidizing agents than are the fatty acids. When 
a very dilute oxidizing agent is employed, e,g, 1 per cent 
permanganate, dihydroxy derivatives of fatty acids are ob- 
tained: 

CHg.CHiCH.OOaH-f O + HaO = CH8-CH(0H).CH(0H).(X)aHi 

but if stronger oxidizing agents are employed, a rupture of 
the molecule occurs at the position where the double bond 
exists, and a mixture of acids is obtained: 

CHa-OBiCH.CHa-COaH — and (X)aH.CHa*CX)8H. 

This affords an excellent method for determining the position 
of the double bond in the molecule of the acid. Fusion with 
caustic alkalis also causes a breaking up of the molecules, and 
the formation of & mixture of fatty acids; but this reaction is 
of no use for determining the positiofi of the double bond, as 
treatment with alkali tends to shift the double bond, if possible, 
nearer to the carboxylic group. Fiitig (B. 1891, 64, 82, &c.) 
has studied the action of dilute alkaHs on a number of un> 
saturated acids, and always observed the sam^ effect, e,g, 
hydrosorbic acid, CH 8 -OH 2 'CH:CH*CH 2 *COOH, passes into 
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CH3 . CHg . CHj . CH : CH . COOH (2 - hexme - 1 - Such 

changes, which are termed “molecular transformations \ are 
explained by the assumption that atoms or radicals (in this 
case the elements of water) are added on to the original 
compound, and then eliminated in a different manner, e,g , : 

CH3.CH:CH-CH«.C02H — CH8.CHo.CH(OH).CHo.COoU 
— CH^CHj-CHrCH.OOjH. 

The presence of the double bond in the molecule has a con- 
siderable effect upon certain properties of the acid; for ex- 
ample, the dissociation constant and the rate of esterification 
by the catalytic method. 

Fichter and Pfister have shown (Abs. 1904, i. 966) that the 
introduction of a double bond usually increases the strength of 
an acid, and that the effect is most marked when the double 
bond is in the ^S-y-position, e,g. butyric acid, K = 0-00154; cro- 
tonic acid, K = 0*00204 ; and for vinyl acetic, K = 0*00383. 

Sudboraugh (J. C. S. 1905, 1840; 1907, 1033; 1909, 315, 
975) has shown that the introduction of the double bond in 
the o-position greatly retards esterification. The rates for 
hydrocinnamic, CflHr-CHn-CHo'COoH, and for cinnamic acid, 
CeH..CH:CH.C03H, are as 40:1. 

modes of Formation, — 1. By oxidizing the corresponding 
alcohols or aldehydes, e,g. acrylic acid &om allyl alcohol or 
acrolein. 

CHjzCH.CHj.OH CH,:CH-CHO — CHarCH.COjH. 

2. From the unsaturated alcohols or their iodides, by con- 
verting them into nitriles and hydrolysing these, e,g, crotonic 
acid from allyl iodide (intramolecular rearrangement, p. 170). 

CHjrCH.CHjI — CHa-CH:CH.CN — CHa-CHzCH.OOaH. 

Both these methods of formation are analogous to those of 
the fatty acids. 

3. From the monohalogen substitution pioducts of the satu- 
rated fatty acids, b^ warming with alcoholic potash, sometimes 
upon simj^y heatmg with water. This reaction is analo- 
gous to the formation of the olefines from alkyl haloids; it 
occurs in the case of^hose substituted acids which contain 
the halogeii in the /3-position to the carboxyl (see p. 173 
et seq.). 
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4. From the halogen substitution products of the unsatii 
rated acids by inverse substitution: 

CHj.CHiCa.COaH -- OHj-OHiCH-COaH. 

5. By the elimination of water from hydroxy fatty acids. 

CH8(OH).CHs.COOH = CHgiCH.OOsH + HjjO 
Ethylene-lactic acid Acrylic acid. 

This reaction corresponds with the formation of the olefines 
from monohydric alcohols. 

Constitution and Isomers. — The constitution of the unsaturated 
acids, CaH^_20^ follows from their behaviour as monobasic 
acids and as unsaturated compounds, and the position of the 
double bond is ascertained by the process of oxidation. The 
number of isomeric acids, CmHja-i-CJOjH, is the same as the 
number of isomeric unsaturated alcohols, CaHsnj^i'OH. 

Acrylic acid, proper^ acid^ dhylene-carhoxylic acidy CHgiCH* 
COjH (RedterMcheT)y is prepared by the oxidation of acrolein 
by oxide of silver, or by the distillation of /3-iodopropionic 
acid with oxide of lead. (Cf. mode of formation 3.) It is 
very similar to propionic acid. Mixes with water and readily 
polymerizes. It is reduced to propionic acid when warmed 
with zinc and sulphuric acid, and is decomposed when fused 
with alkali into acetic and formic acids. 

Acids, C4ILO0. Four isomeric acids with this formula are 
known. 1. Ordinary or solid crotonic acid (2-Butefnr\~acid\ 
CH3 • CH : CH • COgH, occurs along with isocrotonic acid 
in crude pyroligneous acid, and is prepared from allyl iodide 
by means of the (yanide, which, instep of having the antici- 

S ted formula, CHg • CH • CHg • CN, has the isomeric one, 
ig'CHiCH'ON; this aflFords another example of molecular 
transformation. 

It is also prepared by heating malonic acid with para> 
aldehyde and glacial acetic acid: 

+ = Hp + COj + CHs-CHrCH-OOjH. 

It crystallizes in large prisms, melts at 72% boils jit ISO'’, has 
an odour like that of butyric acid, and is fairly soluble in 
water. On reduction it yields ?irbuty<nc acid, and on careful 
oxidation, oxalic acid, hence the constitution. 

2. Isocrotonic acid, CHg-GHiCH^CO^H, obtained by the 
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action of sodium amalgam upon chloro-isocrotonic acid, melts 
at 15*^, boils at 172*", and changes into ordinary crotonic acid 
at 180°. It is present in croton-oiL For preparation of the 
pure acid see Morrell and BellarSy J. C. S. 1904, 345. 

Isocrotonic acid was formerly regarded as CHgZCH-CHg* 
COgH, but it shows almost the same chemical behaviour as 
crotonic acid, e.g. on reduction and oxidation, or on addition 
of hydrogen bromide, and is now regarded as having the same 
structure formula as, but being stereo -isomeric with, solid 
crotonic acid. (Cf. Fumaric and Maleic acids.) 

CH 

3 . Meth-acrylic acid, ^~rMthyl-2-propene-\-aMy CHg : C<\ 0 o 

is found in small quantity in Roman chamomile oil, and may 
be obtained by the withdrawal of HBr from bromo-isobuty’"*c 
acid: 

CH,.CBr<gg^ - CH,:0<^^ 

It smells like decaying mushrooms, and melts at 15°. 

4. Vinyl-acetic acid, CBLrCH-CHg-COgH, VButene-i-acid^ 
may be obtained syntheticallv. 

Angelic acid, CH3*CH:C{CH8)C0.2H, is present in the an- 

S 'ica root, and, together with its stereo-isomer, tiglic acid, in 
man chamomile oil. (Cf. A. 250; 259, 24; 272, 1; 273, 127.) 
The relationship of these two acids is exactly the same as that 
of crotonic and isocrotonic acids. 

Oleic acid, C 18 H 34 O 2 {Chevreul\ is present as olein (glyceryl 
oleate) in the fatty oils especially, e,g, olive, almond, and train 
oils. It is a colourless oil, solidifies to white needles in the 
cold, melts at 14°, and cannot be volatilized without decom- 
position. It is tasteless and odourless, and has no action 
upon litmus, but quickly becomes yellow and acid by oxi- 
dation in the air, and also acquires a rancid odour. Its lead 
salt is soluble in ether, and hj this means the acid may be 
separated from numerous other organic acids. It yields, on 
fusion with potash, the saturated acids, palmitic and acetic. 
Nitrous acid converts it into the stereo-isomeric crystalline 
elaYdic acid, melting at 45°. It contains a normal chain, 
since on reduction it yields stearic acid. When carefully 
oxidized, Jt yields pelargonic acid, CH 8 *( 0 H 2 ) 7 *C 02 H, and 
azelaic acid, C0oH-(CH2)-*C02H, and hence the constitu 
tional formula: * i 
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Eruoio acid, C22H^o02, occurs in rapenseed oil, melts at 33®, 
and on treatment wiw nitrous acid yields the stereo-isomeric 
brassidio acid, melting at 60®. The constitution is probably: 

CT[a[CHJ,.CT[:CH[Caasl 

For the stereo-chemistry of the unsaturated acids, see Fumaric 
and Maleic acida 

0. Propiolic Acid Series, 

The acids of this series again contain two atoms of hydrogen 
less than those of the former, and are to be regarded as car- 
boxylic acids of the acetylene hydrocarbons, propiolic acid, 
CHiC-COgH, as acetylene-carboxylic acid They can ac- 
cordingly be prepared by the addition of COg to the sodium 
derivatives of the acetylenes (analogously to mode of formation 
4 of the saturated acios, p. 149) 

They closely resemble the unsaturated acids which have been 
already described, but differ from them by the fact that each 
molecule of such an acid can combine with either 2 or 4 atoms 
of hydrogen, chlorine, bromine, &c., and can yield explosive 
compounds with ammoniacal silver and copper solutions. 
There are, however, acids of the formula CnHan _403 which do 
not possess this last peculiarity, viz., those which are derived, 
not from the homologues of acetylene proper, but from their 
isomers, and which therefore contain two double bonds instead 
of a triple one. (Compare Acetylene Hydrocarbons, p. 54.) 

The most important member of the series is propioiic or 
propargylio acid, jpropine ood, CH-C-COgH, which corre- 
sponds with propargyl alcohol, and is prepared by warming 
an aqueous solution of the acid potassium salt of acetylene-di- 
carboxylic acid, the latter being itself obtained from dibromo- 
Buccinic acid. (See p. 249, also B. 18, 677.) In its physical 
properties it resembles propionic acid, forms silky crystals 
below 6°, and boils at 144®. It is readily soluble in water 
and alcohol, and h 3 comes brown in the air. It gives, even in 
dilute solution, the characteristic explosive silver precipitate. 

Tetrolic acid, CHg-CiO-COgH, is obtained from /3-chloro- 
crotonic acid and aqueous potash, and melts at 7^®. 

Sorbic acid, OHj-CHrOH-OHrOH-COgH, is contained in 
the juice of the unripe sorb apple {Sorius Aucuparia), and has 
relatively high melting- and boiling-points. * 



D. Halogen Substitution Produets of the Monobasic Acids 
The saturated monobasic acids yield halogen substitution products, 6 .g.: 
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The unsaturated acids also yield similar substitution pro- 
ducts, e,g. CHo : CCl • COoH, a-chlor-acrylic acid; CHBr: 
CH.CO 2 H, j 8 -brom-acrylic acid; CH 3 • CH :‘CC1 • COgH, a-chlor- 
crotonic acid; CI:C-CO|^H, iodo-propiolic acid, &c. 

All these halogen derivatives nave the properties of mono- 
basic acids; in many respects they resemble the parent sub- 
stances, but as a rule are much stronger acids. This is ex- 
tremely well shown in a comparison of the dissociation con- 
stants K. (See table.) 

Since their acid nature remains unaltered, they still contain 
the carboxyl group; the halogen has therefore replaced the 
hydrogen of the hydrocarbon radical. They may also be 
looked upon as halide substitution products of the hydro- 
carbons, in which 1 atom of hydrogen is replaced by carboxyl : 

CHjd (chloro-methane) GHgCl *00211 (chlor-acetic acid). 

The modes of formation and properties of these substituted 
acids also coincide with this view. Thus, while they show a 
behaviour perfectly analogous to that of the non-substituted 
acids, forming salts, esters, chlorides, anhydrides, and amides, 
their halogen atoms are as readily exchangeable for OH, ON, 
or SO3H, as are those of the substitution products of the 
hydrocarbons. (See p. 64.) 

Isomers and ConstiMion , — ^While in each case only one mono-, 
di-, (fee., halide acetic acid exists, two isomeric monohaloid 
propionic acids are known. This is readily explicable from 
the fact that in propionic acid, CHg-CHg-COgH, the two a-hy- 

^ a 

drogen atoms are differently situated from the three ones, 
the former being attached to the carbon atom nearer to the 
carboxyl, and the latter to that one farther from it. According 
to theory, therefore, with which the observed facts agree, the 
following two isomers are possible: — 

CH,.CHX.C 02 H and CHgX.CHa-COaH 
a-HaUde-proplonic acid /3-Hallde-propionio acid. 

These acids yield two isomeric lactic acids by exchange of 
their halogen for hydroxyl, thus: — 

CH 8 *CH( 0 H). 002 H and CH 2 ( 0 H).CH 2 - 00 ,H 
Common lactic acid Ethylene-lactic acid? 

The constitution of both of these lactic acids follows from 
their other modes of formation (see p. 215, ei^seq.). The 
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positions of the halogens in the a- and fi- substituted propionic 
acids are thus also fixed. 

Those substituted acids which contain the halogen attached 
to the a-carbon atom, i.e, to the same carbon atom to which 
the carboxyl ^oup is united, are termed a-acids, and the others 
py 7, &c., acids, the successive carbon atoms in their order 
from the carboxyl group being designated as a, )8, 7, &c. 

We thus distinguish, for instance, between a-, and 7- 
chloro-butyric acids, aa-, a^-, and j8)8- dibromo-propionic acids, 
&c. 

Two stereo-isomeric forms of the a- or j8- mono-chloro- and 
-bromo-crotonic acids are known (A. 248, 281), being derived 
from crotonic and isocrotonic acids respectively. 

Formation. — (a) Of the saturated substituted acids. 

1. Chlorine and bromine can substitute directly, the halogen 
taking up the o-position to the carboxyl. 

The reaction is often carried out in sunlight and in the 
presence of a halogen carrier. One of the commonest methods 
is to transform the acid into the acid bromide by the aid of 
phosphorus and bromine, and then to brominate. The pro- 
duct obtained, e.g. CHg-CHBr-COBr, on treatment with water 
yields the a-bromo acid, CHL-CHBr-COgH. This is generally 
known as the HeU-Volhardr^elinsky method. Trimethyl acetic 
acid, CMe^-COgH, which contains no a-hydrogen atom, cannot 
be brominated in this manner (B. 1890, 28, 1594). (Cf. Chap. 
XLVII, F.) 

2. From hydroxy acids of the glycollic series by the action 
of PCI5, HBr, &c., e.g,: 

CH3.CHa.CH(0H).C02H — CH3.CH2.CHCl.CO2H. 

3. By the addition of halogen or halogen hydride to the 
unsaturated acids. 

{h) Of the unsaturated substituted acids. These are often 
prepared by the elimination of HCl, HBr, or HI from poly- 
halogen derivatives of the fatty acids; 

CH3.CHBr.CHBr.CO2H CHg.CHrCBr.COaH, 
or by the addition of hydrogen halide to pjopiolic acids. 

Behaviour. — 1. For the replacement of chlorine, bromine, 
and iodine by hydroxyl, see p. 214. This exchange takes 
place with more difficulty in the a -monochloro- substituted 
acids than in the corresponding bromine and iodine com- 
pounds, but more dfi^ily than in the case of the alkyl 
chlorides, land it is effected by means of moist silver oxide, 
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or frequently by prolonged boiling with water alone (A. 200, 
75). In this way mono^lor-acetic yields glycollic acid : 

CH^Cl-OO^ + HgO = OH.CHj.CXlaH + HCl. 

/9>halogen acids, on the other hand, lose halogen hydride 
when boiled with water, and^eld unsaturated acids, together 
with COg and olefines y-halogen acids break up 

under these conditions (even with cold soda solution) into 
HCl, &c., and a lactone, i,e. an anhydride of a y-hydroxy-acid 
(see p. 225; cf. FUtig^ A. 208, 116). 

2. When boiled with an alcoholic solution of potassium 
cyanide, cyano>fatty acids are produced: 

CHja.CXlaK + KCN = CN-GHj-COjK + Ka. 

These compounds are on the one hand monobasic acids, 
and on the other nitriles, and they consequently yield dibasic 
acids when hydrolysed. In the above case malonic acid, 
OOjH'OHj'COjH, is formed. 

3. They form sulphonic acids with sodium sulphite, e.g , : 

CHja.OO^a + Na.SOsNa = NaSOg-CHj.COaNa + NaQ. 

These latter are compounds which, apart from the acid 
character they derive from the carbo^l group, are actual sul- 
phonic acids, like ethyl-sulphonic acid, and are thus dibasic. 
Their sulpho-group can, however, be replaced by OH on boiling 
with alkalis. 

4. With AgNOg, under favourable conditions, nitro-deriva- 
tives of the mtty acids are formed, and these yield amino- 
acids on reduction, e.g. NHg-CHg^COgH. (B. 1910,43, 3239.) 

Chloroformio acid, Cl^COgH, hi^ so far not been prepared, 
although derivatives of it are known. (Cf. Chloro-carbonic 
acid.) 

The chlorinated acetic acids are formed by the direct sub- 
stitution of acetic acid, or better, of acetyl chloride, chlori- 
nated acetyl chlorides ensuing in the latter case as inter- 
mediate products. 

Monoohlor-aoet\o acid {Chloro-^thcme aeH), GHgCl-COgH, 
is prepared b^ chlorinating acetic acid, preferably in the pre- 
sence of acetic anhydride, sulphur, or phosphorus. It forms 
rhombic prisms or tables and corrodes the epideimis. Di- 
ohlor-acetio acid, CHClg • COgH, is more conveniently ob- 
tained by warming chloral hydrate wtth potassium cy^ide 
(B. 10, 2120), and triohlor-aoetio acid, CClg^HOgH, by 
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oxidizing chloral hydrate with nitric acid. The former de- 
composes with boiling alkali to oxalic and acetic acids, and 
the latter to chloroform and carbon dioxide. Inverse sub- 
stitution reconverts tri-, di-, and monochlor-acetic acids into 
acetic acid {Melsens, 184^. 

Snlpho-aoetio acid, SOgH-CHg-COgH, forms deliquescent 
prisms containing mols. H^O of crystallization. Its salts 
crystallize well. Cyano-aoetio acid, CN-CHg-COgH, is a 
crystalline substance melting at 65°-66^ and readily soluble 
in water; it decomposes into aceto-nitrile, CHg-CN, and COg 
when heated, and yields malonic acid on Iwdrolysis. 

o^Chloropropionic acid, CHg-CHCl-COgH, is obtained by 
the action of PCL i^on lactic acid, and decomposition of the 
lactyl chloride, Clt • CHCl • COCl, by water. /3-iodopro- 
pionic acid, G^^I-CHg-COgH, is prepared by acting upon 
glyceric acid, CIl2(OH) • CH(OH) • COgH, with iodide of phos- 
phorus (exchange of 2 OH for 21 and of I for H); also by 
acting on acrylic acid with hydriodic acid. It forms colour- 
less six-sided tables of a peculiar odour; m.-pt. 82®. The two 
cyanopropionic acids, C2H4(CN)-C02H, give the two succinic 
acids when hydrolysed. 

Chloro- and Bromo-crotonic acids, ^-Chloro-crotonic acid 
{2-Chloro-2-Butene add) (m.-pt. 94®) and the stereo-isomeric 
/S-Isochloro-crotonic acid (m.-pt. 59 ’5®) are formed by the 
action of PCI5 on ethyl acetoacetate, and treatment of the 
product with water. The /?-chlor- iso -acid volatilizes with 
steam, but the j8-chloro-acid does not. 
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A general idea of the kind of derivatives to which acids 
give rise is obtained by comparing these derivatives with cor- 
responding derivatives of the saturated monohydric alcohols, 
e,g, those of acetic acid with those derived from ethyl alcohol: 


CHs • CHj • OH Alcohol. 
CHs'CHa'ONa Sodium ethylate. 

CHrCHa-Cl Ethyl chldHde. 
CHs • CHs • SH . Mercaptan. 
CHfCHfNHs Ethylamine. 


CHa'CO'OH * Acetic acid. 
CHs*CO*ONa Sodium acetate. 

Ethyl acetate. 

(CHa»CO)aO Acetic anhydrida 

CHs *00 -Cl Acetyl chloride. 

CHs • CO • SH Thiacotic acid. 

CH**CO*NHa Acetamide. 
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It is seen that as regai*ds fomulae there is a close resem 
blance, the acetyl group taking the place of the ethyl group. 
Stated generally, the acid derivatives contain acyl radicals in 
place of the alkyl groups contained in the corresponding 
derivatives of alcohols. 

These derivatives are obtained by methods many of which 
are perfectly analogous to the modes of formation of the cor- 
responding alkyl derivatives, but they differ characteristically 
from these by being less stable towaros hydrolysing agents. 

A number of other derivatives, viz. amido- ana imido- 
chlorides; thiamides, imido-thio-compounds, and amidines, are 
peculiar to the acids: 


CH.. CCb* NHR*Ami(lo.chloride8. 
CHs • CCl : NR Imido-ohloridea. 
CHi*CS-NH, Thiamides. 


CHa«C(NH)OH Imino-compounda. 
CH8*C(NH)SR Imino-thio- „ 
CH8.C(NH)(NH8) Amidines. 


These compounds are also characterized by being readily 
hydrolysed. 


A. Esters of the Fatty Acids 

We have already seen that mineral acids readily give rise to 
esters by the replacement of their acidic hydrogen radicals by 
alkyl groups, e,g, SO^(OH )2 — ► S02(0Et)2. In exactly the 
same manner the typical hydrogen of the fatty acids can be 
replaced by alkyl groups, and we get esters derived from the 
fatty acids, e,g. ethyl acetate, CHg^COgEt. Since these esters 
correspond with the metallic salts, they are sometimes termed 
alkyl salts. (Cf. CHg-COjK and CHg-COgEt.) 

Methods of Formation, — 1. By direct esterification, i,e, by 
direct action of the acid on the alcohol: 

CH..OO-OH + Na.OH = CHg.OO.ONa -fH-OH 
CHg.CO.OH + CgHg.OH = CHg-OO.OCjjHg + H-OH 

Although the equation representing the reaction is analogous 
to that representing the neutralization of acetic acid by an 
alkali, the proces# of esterification differs from that of neutrali- 
zation in two respects. 

(1) The reaction proceeds but slowly; thus, in the esteri- 
fication of acetic acid by ethyl alcohol the limit of %he reaction 
at the boiling-point is not reached pntil after the lapse of 

* R signifioB an alkyl radical either alphyl or aryl. 
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several hours, and even then only two-thirds of the acid have 
been transformed into ester. 

(2) The reaction is a reversible or balanced one, and hence 
IS never complete. The water which is formed during the 
process of esterification tends to hydrolyse the ester back into 
acid and alcohol : 

CHa-CO.OH + CaHj.OH ziT CHs-CO-OCaHj + H-OH. 


Thus, when equivalent quantities of acetic acid and ethyl 
alcohol are employed, only some 66 per cent of the acid 
becomes transformed into ester. It can readily be shown, by 
aid of Guldberg-Waage*s law of mass action, that by employing 
an excess of alcohol a larger proportion of acid will be con- 
verted into ester. Thus, in the above equation, if the original 
concentrations of the four substances expressed in gram mole- 
cules be denoted by a, &, o and <?, and the velocity constants 
of the direct and reverse reactions by and respectively, 
then after time t equilibrium will be established; and if we 
assume x gram molecules of acid have been esterified, then the 
concentrations of the four substances will be a — aj, 6 — 

X and X, The rate of the direct reaction can be denoted by 
fci (a — a; ) (ft — x), and that of the reverse by x^ {Ouldberg 
ana JFaage), When equilibrium is established, the two 
reactions will proceed at the same rate, and 


ki (a^x) (ft— A’) = 4?*, 

or ~ constant for a given temperature. 


In the case of acetic acid and ethyl alcohol, using gram 
molecular proportions, i,e. a = ft = 1, we find that equilibrium 
is established when some two-thirds of acid are esterified. 
Thus 


= constant, 

and the constant becomes equal to 

Then, supposing we alter the proportions of acid and alcohol, 
using 2 gram molecules of alconol to 1 of acid, we have — 



X ss *85 (approx.^ 
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and thus 85 per cent of the acid will have been esterified in 
place of the 66 per cent when only 1 gram. mol. of alcohol 
was used. The reversible nature of the reaction is of especial 
importance in the preparation of ethyl acetate, and in this 
case the difficulty is overcome by the addition of a moderate 
amount of concentrated sulphuric acid, which is ordinarily 
supposed to react with the water, and thus prevent its hydro- 
lysing the ester. (Compare also Wade^ J. C. S. 1905, 1656.) 

It IS worthy of note that the limit of esterification does not 
vary to any large extent with the temperature. Thus, in the 
case mentioned above, the limit at 10® is 65*2 per cent, and at 
220® it is only 66*5 per cent. 

With most of the higher esters, and more especially the 
esters in the aromatic senes, the limit of esterification is much 
higher, as the esters are not so readily hydrolysablo. In these 
cases, however, the rates at which the esters are formed are 
extremely slow, and a catalytic agent is therefore introduced. 
The two common catalytic agents employed are: ^1) A small 
amount of dry hydrogen chloride. At one time it was cus- 
tomary to saturate the boiling alcoholic solution of the acid 
with hydrogen chloride, but the researches of E, Fischer and 
Speier (B. 1895, 28, 3201, 3252) have shown that the addition 
of 3 per cent of dry hydrogen chloride to the alcoholic solu- 
tion is quite sufficient, (2) A small amount of concentrated 
sulphuric acid, which acts in much the same manner as the 
hydrogen chloride. The use of these reagents is not to raise 
the limit of esterification, but to accelerate the production. 
In most cases, using the catalytic method at the boiling-point 
of the alcohol, the reaction is complete after three hours, and 
a 90-95 per cent yield of ester can be obtained by pouring 
into water. 

A number of researches have been made as to the influence 
of the constitution of the acid and of the alcohol on the rate 
of esterification, i,e, the amount of ester formed in unit time. 
Menschuthin, who employed the direct esterification method 
without a catalytic agent, i,e, the so-called auto -catalytic 
method, found that primary acids, Le, E-CEL-COgH, were 
esterified most quickly ; secondary acids, EE'CH-COgH, were 
intermediate; and tertiary acids, ER'E^'C-COgH, least readily 
when the same alcohol was employed. Other researches tend 
to show that strong acids react with alcohol more readily than 
feeble acids in the absence of a catalyst. 

The velocity of estenfication has also been determined for 
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a number of acids employing the catalytic metnod (HCl). 
From the equation we should expect the reaction to be a 
bimolecular reaction, or a reaction of the second order; by 
altering the conditions, namely, by taking a large excess of 
alcohol as compared with the acid, the concentration of the 
alcohol may be regarded as constant, and the reaction then 
becomes unimolecmar (E. Goldschmidt) and may be studied 
by the aid of the equation for unimolecular reaction^) 

K = i log. — where K = the velocity constant, t = 

t Qt X 

time, a = concentration of the acid at the beginning of the ex- 
periment expressed in c.c. of standard alkali, and a — a; = con- 
centration of the acid after the lapse of time t. 

Using this method, it is found that the introduction of any 
substituent (CHg, Br, I, G^Hg, &c.) into the acetic acid 
molecule always lowers the velocity of esterification, the 
introduction of two such radicals, e,g. CHBrg *00211, lowers 
the constant to a still greater extent, and when all three 
hydrogens are replaced by substituents, e,g, 0(GH8)8*G02H, 
the acid is esterified very slowly indeed as compared with 
acetic acid. 

Those examples afford an extremely good instance of what 
is now generally termed steric retardation, or the retardation 
of a chemical reaction by the spatial relationships of radicals 
introduced into a molecule. 

The common theory of the process of esterification is that 
there is first direct union between a molecule of the acid *ind 
of the alcohol : 

yielding a dihydroxylic compound, which immediately elimi- 

nates water, yielding the ester R*G^q . The introduction 

of radicals into the GHg group of the acetic acid molecule by 
filling up the space renders the formationi of such additive 
compounds much more difficult, and hence the retardation of 
esterification (fFegscheider), 

The influence of the hydrogen chloride is purely catalytic; 
it remains unchanged at the end of the reaction. .Its catalys- 
ing effect is partly due to the hydrions it generates, as strong 
acids (HGl^ HBr) are much better catatysing agents than 
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weaker acids (picric acid), but also to the undissociated mole- 
cules. (Cf. Oold&chmidt^ B. 1895, 28, 3218; Z. elec. 1911, 17, 
684; Sndhlagey Zeit, phys. 1915, 90, 142. 

Ultra-violet light accelerates the reaction between organic 
acids and alcohols (B. 1914, 47, 1803). 

2. By the action of an acid chloride upon an alcohol or its 
sodium compound (cf. p. 185): 

CH3.CO.Cl-f-C2H5.OH = CHs.CO.O.CgHft-f HCl. 

3. By the action of alkyl halides upon salts of the acid: 

CjjHfiCl-f CHaCO.ONa = CHj.CO.OCjHs + NaQ. 

As a rule, an alkyl iodide and the silver salt of the acid are 
employed. The ester can then be separated from the solid 
silver iodide and distilled. Occasionally the potassium salt 
and methyl sulphate are used. Beactions 2 and 3 are of very 
general application, and are largely made use of when an ester 
cannot r^ily be obtained by the catalytic method of esteri- 
fication. 

Prop^ties , — The esters are mostly neutral liquids which 
volatilize without decomposition ; only those which contain a 
small number of carbon atoms in the molecule are soluble in 
water, e,g, ethyl acetate (1:14). 

1. Hydrolysis. — They are all hydrolysed (saponified), i,e, 
resolved back into alcohol and aci^ when heated, or better, 
superheated, with water, or when boiled with ^ueous solutions 
of strong alkalis or mineral acids; with the simpler esters this 
hydrolysis is complete when the ester is allowed to remain for 
some time in contact with water or dilute alkali. 

The hydrolysis of an ester under the influence of water or 
of mineral acids may be represented by the equation; 

R.COjR'-f-H.OH = R.COaH-f-R'.OH, 

and may be studied by the aid of the general equation for 

a uni-molecular reaction, K = 7 log. ^ , since the concen- 

tration of the water, if a large excess is used, may be regarded 
as constant. 

The action of the mineral acid is purely catalytic. The 
same result might ultimately be obtained by using water alone, 
but is considerably accelerated by using a small amount of 
a strong mineral acid (HOI, HgSO^)! Weak acids also ac 
celerate the hydrolysis of the ester, but to a lesif extent. It 
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has been found, using the same ester and equivalent quantities 
of different acids, that the rate of hydrolysis is directly pro- 
portional to the strength of the acid. ni other words, the 
catalysing influence of different acids is due to the hydrions. 

The hydrolysis of an ester by alkalis is represented by the 
equation: R* CO -OB' + NaOH = R*CO*ONa + B'*OH, 
and as it is analogous to the preparation of soaps by the action 
of alkalis on fats (p. 164), is commonly termed Saponification. 
This is a bimolecular reaction, and if equivalent quantities of 
ester and alkali are employed in solution, can be studied by 

aid of the equation K = -•-t r, where t = time, a = initial 

t a(a ^ x) 

concentration of alkali and of ester, a — a; = concentration of 
these after time t The concentrations can readily be deter- 
mined by direct titration with standard acid, and the number of 
cubic centimetres of acid introduced directly into the equation. 

It has been found that when different alkalis are employed, 
their hydrolysing effect is proportional to their strengths, i,e. 
is due to the free hydroxyl ions. Different esters are hydro- 
lysed at very different rates by the same alkali; the rate 
appears to depend on the complexity of the molecule, ie. 
the number oi substituents present, and also on the nature 
of these substituents, viz. whether they are of a positive or 
negative nature. It has been found that CCL-COaCaH, is 
hydrolysed by alcoholic potash much more readily than ethyl 
acetate itself, owing to the negative nature of the chlorine sub- 
stituents. (Compare A. 228 , 257 ; 232 , 103; J. C. S. 1899, 482.) 

In all cases it has been found that, comparing solutions of 
equal strength, e,g, N/10, a strong alkali is a much better 
hydrolysing agent than a strong acid. 

2. A characteristic reaction of methyl and ethyl esters is 
that they exchange OMe^(methoxy) or OEt (ethoxy) groups 
for NH^ on treatment with strong ammonia, thus yielding 
acid amides, CHg-CO-NHj. 

3. Phosphorus pentachloride decomposes most esters, yield- 
ing an alkyl chloride and an acyl chloride, 4he 0 of the •OEt 
group being replaced by two chlorine atoms 

4. Ethyl esters are readily transformed into methyl eaters, 
R*CO«Et ^ R-COgMe, by warming with methyl alcohol and 
a catafyst (CHjONa, IJCl). The reaction is reversible, and is 
termed alcipholysis. 

5. Sodium methoxide combines with the esters to form un 
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.ONa 

stable additive compounds, H-C^ OCHg, which are derivatives 

^OR' 

of “ortho-acids”. (See p. 148; alsoB. 20, 646.) 

The odour and taste of many of the esters is so agreeable 
that they are manufactured upon a large scale, and employed 
as fruit essences. 

Ethyl formate, H-CO-OCgHg, b.-pt. 55®, is employed in 
the manufacture of artificial rum or arrak. Ethyl acetate, 
acetic ether, CHg- CO *00211^ b.-pt. 75®, is used internally as 
a medicine. Amyl acetate, CHg-CO-OCgHii, b.-pt. 148®. The 
alcoholic solution of this forms the essence of pears. Ethyl 
butyrate, CH 3 (CH 2 ) 2 CO*OC 2 He, is the essence of pine-apples. 
Iso-amyl iso-valerate, C4H9«C0*0*0C5Hn, b.-pt. 196®, finds 
^plication as apple oil or apple ether. Cetyl palmitate, 
OisHai'CO-OCiflHgg, ceryl cerotate, C^Hgi-CO-OC^gH^g, and 
melissic palmitate, CjgHg^-CO^O-CgQHgj, are constituents of 
waxes. (See Wax Varieties, p. 164.) 

Ethyl acetate, which is used as a solvent and also for the 
preparation of ethyl aceto-acetate (Chap. IX, G.), is usually 
prepared from alcohol, acetic acid, and an excess of sulphuric 
acid. A recent method consists in passing aldehyde (pre- 
pared from acetylene) into a solution of aluminium ethoxide, 
Al(OEt) 3 , in a high-boiling solvent. The yield is 85 per cent 
of the theoretical and the consumption of aluminium ethoxide 
is only 3-5 per cent (C. Z., 1918, ii, 693). 

Although the reaction between alcohol and acetic acid is a 
balanced one and the water formed tends to decompose the 
ester, Bodraux (C. R, 1913, 156, 1079; 1914, 167, 938) has 
shown that a 92 -per -cent yield of ethyl acetate is formed 
when a mixture of acetic acid and alcohol is boiled with a 10- 
per-cent aqueous solution of sulphuric acid, and the ester 
removed by distillation as fast as it is formed. Equally good 
results can be obtained with esters derived from other fatty 
acids and primary alcohols, provided the esters boil below 100®. 

When the esters of the acids of high molecular weight are 
distilled under the^ ordinary pressure and not in a vacuum, they 
decompose into an olefine and a fatty acid. (See p. 49.) 

homers , — All esters containing the same number^pf C atoms 
in the molecule, and derived from the monohydric saturated 
alcohols and the fatty acids, are isomeric. Thus methvl buty- 
rate is isomeric not only with ethyl propionate but also with 
propyl acetate and with butyl formate. Further, all esters 
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are isomeric with the monobasic acids which contain an equal 
number of carbon atoms, e,g, the esters just mentioned are 
isomeric with the valeric acids. (See Metamerism, p. 90.) 

Further cases of isomerism occur when the alcohol on the 
one hand, or the acid on the other, is unsaturated, e,g. allyl 
propionate and propyl acrylate. 


B. Acid Chlorides, Bromides, &c. 

Acid chlorides are the compounds derived from the acids by 
the replacement of the hydroxyl group by chlorine: 

E.CO.OH — E.CO.Cl. 

1. They are usually prepared by the action of the chlo- 
rides of phosphorus, PCI3, PCI5, and POCI3, upon the acids or 
their salts: 

C3Hy.CO-OH + PCl5 = CaHyCO-Cl-f POCI3 + HCI. 

The acid chloride is separated from the POCI3 formed at the 
same time by fractional distillation. In the case of acetic acid 
PCI3 is conveniently used: 

aCHg.CO-OH-f PCI3 = 3CH3.CO.CI + PO3H3. 

Phosphorus oxychloride, POCI3, may also be allowed to act 
upon the alkali salts of the acids; the products are the acid 
chloride, and an alkali chloride and metaphosphate. In all 
the reactions where an alkali salt of the acid is used, an acid 
anhydride is formed in the absence of excess of the phosphorus 
halide (p. 186). 

Thionyl chloride is now frequently used in place of chlorides 
of phosphorus as the acid chloride is readily isolated from the 
other products: 

2 E-CO.OH + SOCI2 — 2 E.CO.Cl + SO^ + HgO. 

Chlorides of sulphur are also used, and method patented 
in U.S.A. consists in mixing the sodium salt with sulphur 
and passing in chlorine. 

2. By the action of chlorine upon the aldehydes in the 
absence of water: CHg^iCHO + Clg = CHg.COCl + HCl. 

Properties ^ — The acid chlorides are suffocating liquids which 
fume in the air, distil without decomposition, and are recon- 
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verted by water, in many cases at the ordinary temperature, 
into the corresponding acids and hydrochloric acid: 


CHa-OO.Cl + HjO — CHg-CO-OH + HCL 


They are thus more readily decomposed than the alkyl 
chlorides. When the chlorides are warmed with alcohols, the 
chlorine is replaced by alkyloxy groups, e.g, OCHg, OCgHg, 
and in this way esters are formed. With ammonia they yield 
acid amides, K-CO-NHg. With the sodium salts of the fatty 
acids they yield acid anhydrides. With organo-magnesium com- 
pound they first form ketones, and then tertiary alcohols (see 
p. 75). With silver cyanide acyl cyanides {e.g. CHo-CO-CN, 
acetyl cj^anide) are formed, and these on hydrolysis with 
concentrated hydrochloric acid yield ketonic acids, CHo*CO» 
COOH. 

The acid chlorides can be regarded as aldehydes in which 
the hydrogen atom of the *03:0 group has been replaced 
by chlorine. As such they can be reduced to the aldehydes, 
and the most convenient method appears to consist in passing 
a current of hydrogen into a hot xylene solution of the chloride 
containing palladinized barium sulphate in suspension as 
catalyst. (Bosemwid, B., 1918, 61, 685.) 

Formyl chloride is not known. 

Aoetyl chloride {Ethanoyl chloride), CHg-COCl, is a mobile, 
colourless liquid of suffocating odour. Boils at 56°, has a 
sp. gr. 1’13 at 0°, reacts extremely vigorously with water and 
ammonium hydroxide, and is a reagent of exceptional im- 
portance, since it serves for the conversion of the alcohols and 
primary and secondary amines into their acetyl derivatives. 
It is thus frequently used for detecting OH, NHg or NH 
groups in organic compounds. The compound under exami- 
nation is heated with acetyl chloride (or even better, acetic 
anhydride), and the pure product either analysed or hydro- 
lysed, and acetic acid tested for in the products of hydrolysis 
(see p. 208). 

With hydroxyl compounds the H of the OH becomes 
replaced by the acetyl group and a compound R-O-CO-CHg, 
is obtained ; from alcohols the alkyl acetates (estops) are thus 
formed. The • 0 *00 -CHg group present in such compounds 
is termed acetoxyL 

When several hydroxyl groups are present iif a molecule, 
as in glycerol, it frequently happens that most of these 
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become replaced by acetoxyl and one by chlorine and hence 
completely to acetylate, such a compound acetic anhydride 
is preferable to acetyl chloride. 

Acid bromides and iodides are known and closely resemble 
the chlorides. Their boiling-points are higher. 


C. Acid Anhydrides 


Corresponding with the monobasic fatty acids there are an- 
hydrides, which may be regarded as derived from two molecules 
of the acid by the elimination of a molecule of water, 


CHg.CO-OH __ CH3.00xA_i_TTrk 
CH,.CO-OH “ 


They may also be considered as acyl oxides. For instance, 
(CH3 -00)20 = acetyl oxide. 

Preparation. — 1. They cannot, as a rule, be obtained by the 
direct withdrawal of water from the acids, but by the action 
of acid chlorides upon the alkali salts of the acids : 

CHa-CO-Cl + NaO-CO-CHg = (CH 3 .CO).p + NaCl. 


A very convenient method for preparing them is by the 
action of phosphorus oxychloride on the sodium salts of the 
acids, care being taken that sufficient of the dry sodium salt 
is used to decompose the acid chloride first formed (see p. 185). 

Thionyl chloride can be used instead of POCI3, an inter- 
mediate product, (R- CO *0)280, is formed, and this breaks 
up into SO2 and (R -00)00 when heated, or with excess of 
SOCL it yields SO2 and R-COCl. {Denham and Woodhouse^ 
J. C. S. 1913, 103, 1861.) 

2. By the action of phosgene on the acids (B. 17, 1286): 

2 CH3.CO.OH + COCI2 = (CH3.C0)20 + CO2 + 2 HCl. 

3. The anhydrides of the higher acids are often prepared 
by the action of acetic anhydride on their sodium salta 

Properties . — The majority of the acid anhydrides are liquids, 
but those of higher molecular weight solids, ot neutral reaction, 
and soluble in alcohol and ether. They are non-miscible with 
water, but ?Te gradually hydrolysed by it to the free acids. 
Dilute alkalis decompose them readily. When warmed with 
alcohols they yield estdrs; with ammonia, acid amides; and 
with hydrogen chloride, free acid and acid chloride; 

(CH3.C0)20 -f HCl = CH3.CO.CI + CH3.CO.OH. 
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The boiling-points follow the order : 

R.CO.Ol < R.CO-OEt < R.CO.OH < (R.OO)^ < R-CXl^NHa- 
Compare analogous alkyl compounds. 

Acetic anhy&ide, (CHg-COkO, is a mobile liquid of suffocat- 
ing odour, boiling at 137°, and having a sp, gr. of 1*073 at 20°. 
Like acetyl chloride it is a reagent of great importance, and 
is largely made use of in testing for and estimating hydroxyl 
groups in carbon compounds, and for converting primary and 
secondary amines into acetyl derivatives. A recent English 
patent for its manufacture consists in adding SOg to anhydrous 
sodium sulphate and then mixing with anhydrous sodium 
acetate diluted with acetic anhydride. The total anhydride is 
removed by distillation, and the sodium sulphate can be used 
again. The SOg removes a molecule of NagO from 2 molecules 
of sodium acetate, leaving acetic anhydride. 

Mixed anhydrides containing two different acyl groups are 
also known (Oerhardt, JVillia7nson\ e,g. CgHgO • O • OCgHji. 
When distilled they yield the two simple anhydrides. 

Acyl peroxides have also been prepared. Acetyl peroxide, 
(C 2 H 30 ) 20 o, is a thick liquid insoluble in water; it acts as a 
strong oxidizing agent, explodes when heated, and is prepared 
by the action of barium peroxide, BaOg, upon acetic anhydride. 
Numerous other peroxides have been prepared by Baeyer and 
Villiger (B. 1901, 34, 738) by means of hydrogen peroxide 
in the presence of potassium hydroxide. Among the simpler 
of these peroxides may be mentioned ethyl hydrogen per- 
oxide, CgHg-O-O'H, a colourless liquid; diethyl peroxide, 
(LHg-O'O'CoHg, a liquid boiling at 65°; acetone peroxide, 
((;8Hg02)2, boiling at 132°; and triacetone peroxide, (C3Hg02)8, 
melting at 97°. Many of these compounds are explosive. 

D. Thio-acids and Thio-anhydrides 

The sulphur analogues of the carboxylic acids are: 

1. 2. 3. B-C^|jj 

Known respectively as thiolic, thionic, and thion-thiolic acids. 

Thiacetic acid {Ethane-thioUc acid), CHg-CO-SH, is a colour- 
less liquid boiling below 100°; it smells of acetic acid and 
sulphuretted hydrogen, and is readily decomposed by water 
into these two components. It is prepared from acetic acid 
and phosphorus pentasulphide, PnSg. The other thio-com- 
pounds are likewise readily hydrolysed, yielding^ acetic acid 
and hydrogen sulphide. 
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K Acid Amides and Hydrazides 

Amides. — An acid amide is the compound derived from the 
acid by the introduction of the amido* group in place of the 
hydroxyl radical of the carboxylic group: 

E.CO.OH -H. R.CO.NHa. 

They may also be regarded as derived from ammonia by 
the r^lacement of a hydrogen atom by an acyl group, e,g, 
NHg • uO • OH 3 . Secondary and tertiary amides," NH(CO. 
CH^ 2 > ^(CO - 0118 ) 3 , are known, but are of relatively 
small importance. 

Modes of Formation. — 1. By the dry distillation of the 
ammonium salts of the fatty acids: 

CH3.CO.ONH4 = CH3.CO.NH2 + H3O. 


2. By addition of water to the alkyl cyanides (nitriles) : 

CHj.CN + HaO = CHg.CO-NHj. 

This addition of water is frequently effected by dissolving 
the nitrile in concentrated sulfuric acid, or in acetic and 
concentrated sulphuric acids, or by shaking with concentrated 
hydrochloric acid in the cold; also, and often quantitatively, 
by hydrogen peroxide, HoOg, in alkaline solution. In some 
cases a further addition of water occurs, and the ammonium 
salt of the acid is formed. 

3. By the action of acid chlorides or acid anhydrides upon 
aqueous ammonia or solid ammonium carbonate; if amines 
are employed here, in place of ammonia, alkylated amides 
are formed: 

CHs-COa + 2NHs = CHj-CONHj + NH4a. 

4. By heating esters with ammonia solution, sometimes even 
on shaking in the cold : 

CH3.CX).0C2H3 + NH8 = CHa-OO.NHj+CjHftOH. 

Properties. — 1. With the exception of formamide they are 
colourless crystalline compounds, volatile without decomposi- 
tion, but with relatively high boiling-points. The following 

* The NH|*|9ffX>up %e uswtU/y termed on amino group when present in a 
primary amin/t^ but an amldo group when present in an aM amide. 
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comparison of boiling-points is interesting, as the order is the 
same for most groups : — 

Acetyl Ethyl Acetic Acetic 

chloride. acetate. acid. anhydride. Acetamide. 

Boiling-point 55° 78° 117° 137° 222° 

2. The lower members are soluble in water, and although 
derivatives of ammonia are, unlike most amines, practically 
neutral, the strongly positive character of the hydrogen atoms 
of the ammonia being cancelled by the entrance of the nega- 
tive acyl radical. Still, the primary amides are capable of 
foiming additive compounds with some acids, e,g. acetamide 
yields the compound (02H30«NH2)2HC1, acetamide hydro- 
chloride'’; these are, however, unstable, and are decomposed 
for the most part by water alone. On the other hand, the 
hydrogen of the amido group can be replaced by particular 
metals, especially mercury (also sodium; cf. B. 23, 3037 ; 28, 
2353), the amides, therefore, playing the part of weak acids 
in the compounds so obtained, mercury acetamide, (CHo- 
CONH)2Hg. 

3. The amides are readily hydrolysed, more especially by 
alkalis, to the free acid and ammonia. Alkylated amides on 
hydrolysis yield the acid (or sodium salt) and an amine (not 
ammonia). Amines are not decomposed by alkalis. 

CHa.CO-NHCjHg-f NaOH = CHg-CO-ONa + CaHjNHg. 

Hydrolysis of Acid Amides. — The velocity of hydrolysis of 
the amides of the common fatty acids has been determined by 
Crocker and Lorn (J. 0. S. 1907, 91, 593 and 952), using an 
electro-conductivity method. With sodium hydroxide and also 
hydrochloric acid, formamide is hydrolysed most readily, and 
valeramide least readily. 

4. Nitrous acid converts the primary amides into the corre- 
sponding acids, with liberation of nitrogen : 

CHj.CXl-NHj-fNOjH = CHg-CO OH -j- Ng -f- HaO. 

This reaction iaa general one, and corresponds exactly with 
the action of nitrous acid upon the primary amines (p. 111). 

5. Nitriles (see p. 104) are formed by heating with P4O1Q, 

P2S5, and PCI5 (see pp. 192 and 193). • 

6. If bromine in the presence of alkali is allowed to act 
upon primary amides, bromamides, ft-CO*NHBr, e.g. CH,* 
CO*NHBr, aceto-bromamide (colourless rectangular plates), 
are first formed, and these are decomposed by the alkali into 
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a primary amine, carbon dioxide and potassium hydroxide. 
If less bromine is used, urea derivatives are formed, e,g. methyl 
acetyl-urea, CHj-NH-CO^NH-CO^CHg, which react with ex- 
cess of alkali, yielding primary amines — in this case CHg-NHg 
— containing 1 atom of carbon less than the original amide. 
This is an excellent method for the preparation of amines 
from C| to Cg, but less valuable for those from 0^ onwards, 
as in the case of the higher compounds the production of amine 
diminishes, a nitrile being formed instead by the further action 
of the bromine (see below). Such nitriles CnHgn+i'CN, in 
which n> 4, can therefore be obtained directly from the amine 
by the action of bromine and alkali upon it, thus: — 

CVH«.CHj-NH 2 H- 2 Br 2 = CVH^-CHg-NBr* + 2HBr 
= CVHi 6-CN + 4HBr. 


(Reversal of the Mendius reaction, p. 109; cf. Hofmann^ B. 16, 
407, 762; 17, 1407, 1920; 18, 2737.) 

Since these nitriles on hydrolysis yield acids containing 
1 atom of carbon less than the amide originally taken, this 
reaction renders it possible to descend in the series successively 
from one acid to another (compare p. 166), e.g.\ 


QH13.CH0.CO2H — CoHis.CHj.CQ.NHa — 

— C0H13.CHa.NBr2 — C0H13.CN — CoHis.OOaH: 


This has been done in the case of the normal acids from 0,4 
to Cj, and it fimnishes a further proof of their normal con- 
stitution. 

Constitution , — Most of the methods of formation and many 
of the properties of the amides point to the constitutional for- 
mula (1). A second formula is possible (II), in favour of which 
certain arguments have been adduced (B. 22, 3273; 23, 103; 
26, 1436); 

This last formula easily passes into the firstf by the migration 
of a hydrogen atom, and most of the reactions of the simple 
amides are explicable almost equally well by either formula. 
(Of. Titherley, J. 0. S. 1897, 468; 1901, 407.) 

We thus have a single compound which appears to possess, 
according to its reactions, two distinct formulse. Such a sub- 
stance is usually termed a tautomeric substance. 
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On alkylation, under different conditions, it is possible to 
obtain two distinct types of mono>aikylated amides, viz.: 

(I) aJid (II) 

These differ as r^ards phvsical and chemical properties j 
thejr are isomeric. (Tompounas of type I closely resemble the 
original amides; compounds of type II are usually known as 
imino ethers, and differ to a large extent (p. 194). 

In many other cases we find that a tautomeric substance 

g ives rise to two distinct groups of alkyl derivatives (see 
yanogen Derivatives, also Chap. XL VII, F.). 

Formamide {Methane^amide\ HCO-NHg, is a liquid readily 
soluble in water and alcohol. It boils with partial decom- 
position at about 200®. When quickly heated it decomposes 
into CO and NHg, and with phosphorus pentoxide it yields 
hydrocyanic acid. 

Acetamide, Ethane-amide^ CHg-CO-NHg, forms long needles, 
readily soluble in water and alcohol. It melts at 82®, boils at 
222®, and when pure has no odour. 

Di-acetamide, (C2HgO)2NH. M.-pt. 78°; b.-pt. 223®. 


HYDRAZIDES 

Just as ammonia by the introduction of acyl groups yields 
the acid amides, so hydrazine yields the acid hydrazides, e,g, 
acetyl hydrazine or acet-hydrazide, CHg • CO • NH • NIL. They 
are formed by the action of esters on hydrazine. They are 
basic in character, are readily hydrolysed, and possess reduc- 
ing properties. With nitrous acid they yield acid azides, e,g. 

CHj*CO*N<^|^, which are acyl derivatives of hydrazoic acid, 

(N3H). (Of. Curtins, J. pr., 1916, 94, 273 ; 1917, 96, 168, 327.) 

^1 4 hydrogen atoms in hydrazine can be replaced by acyl 
radicals in mu<m the same manner as the 3 hydrogen atoms in 
the ammonia molecule can. The products are termed di-, tri-, 
and tetrarhydrazides, e,g, tetra-acet-hydrazide, AcgN’NAcj. 


F. Amido-ehlorides and Imido-chlorides 

By the action of PCI5 upon the primary amides an ex- 
change of Clg for 0 takes place,, giving rise in the first in- 
stance to the so-called amido-chlorides, e,g. acetdichloroamide, 



THIAMIDES AND IMINOTHIO-ETHBRS 


193 


CH 3 *CCl 2 «NHo; these are extremely unstable compounds, 
being converted by water into amide and hydrochloric acid, 
and readity mving up HCl, with formation of imido-ohlorides, 
e.g, GH 3 «uGT:NH, acetohloroimide. The imido-chloroides are 
also relatively unstable, yielding with water the amide and 
hydrochloric acid. When heated, they break up into nitrile 
and hydrochloric acid. 

The alkylated amides (p. 189) also yield chloroamides, e.g. 
GHs-GO-NH-GaH. gives GHo.GGL.NH-GjH., ethyl acet- 
chloroamide, and GH-.GO.NE 2 gives GHg.CGlp.N]^; if 
these still contain amido-hydrogen, they readily yield imido- 
chlorides, e.g, GH3.GG1:N.G2H5, ethyl acetohloroimide. 

The chlorine in these compounds is chemically active; it 
can be exchanged for sulphur or for an amino group. 

G. Thiamides and Imino-thio-ethers 

Thiamides are compounds derived from the amides by the 
exchange of oxygen for sulphur, e.g, GH 3 .GS.NH 2 , thiacet- 
amide (ethane-thion-amide), GHg.GS.NHGgHg, thiacetanilide. 
They are mostly crystalline compounds, and are formed by the 
addition of H^S to the nitriles {Cahours), e.g.: 

CHj.CN + HjS = CHj.CS.NH,; 

by treating acid amides with P 3 S 5 ; from the amidoohlorides, 
as given above; and by the action of HgS or GSg upon the 
amidines. Both simple and alkylated thiamides are Imown. 

When heated alone, they yield a nitrile and sulphuretted 
hydrogen (compare Elimination of Water from Amides), 
^^en hydrolysed with alkalis, they yield the corresponding 
acid, ammonia (amine) and H^S, thus: — 

R.CS.NHR + 2H,0 = E.OQ.OH + H 3 S + NHj.R. 

They are rather more acid in character than the amides, 
and thus many of them are sohible in alkali and yield metallic 
derivatives. Uonsequently, for them, as well & for the amides, 

the iso-formula R. is taken into consideration. From 

this pseudo form iso-thio acid amides, are derived 

a number of compounds, the Imino-thio-ethers, by the re- 
placement of one or both the hydrogen atoms by alkyl groups, 

( B 480) 0 
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S.PH 

aoetimido-thiomethyl, ®; methyl iso-thio-aoet- 

anilide, . They are decomposed by hydro- 

chloric acid into esters of thiacetic acid, thus: — 

CHs.O(NH).SCH, + HaO = CHg.OO.SCHj + NHj,. 

These imino-thio-ethers are prepared by the action of mer- 
captans upon nitriles in presence of hydrochloric acid gas 
(Pinner), and by the action of alkyl iodides upon thiamides 
(fFallach, Bemthsen): 

Imino-ethers, R«C^q^, which are the oxygen compounds 

corresponding with the above imino-thio-ethers, and which are 
isomeric with the alkylated amides, are also known (Pinner), 
They are derived from the pseudo form of the acid amides, 
NH 

R«C^0H> liypol'^Ql'ical compounds unknown in the free 

state, which are isomeric with the simple amides. They are 
formed by the combination of a nitrile with an alcohol under 
the influence of hydrochloric acid gas, and in certain cases by 
alkylating amides ; some of them are liquids which boil with- 
out decomposition, but others are only known in the form of 
salts. 


H. Amidines 

Amidinesare comwunds derived from the amides, R • CO • NHg, 
R*CO«NHR', and Il«CO*NR'^ by the replacement of oxygen 
by the bivalent imido-residue NH or (NR) : 



Aoetomidine (ethaiie*aiiiidine) ** Ethenyl-diphenyl amidine. 

The amidines are well-defined crystalline bases, and form 
stable salts. Like all acyl derivatives, they are readily hydro- 
lysed, and thus difier from the amines. ^ 

Formation^ — 1. By heating the aipides with amines in pre 
sence of PCI, (Hofmann)*, ^ 

R.OO. NHR' 4- =: R.aNR'XNHR') + H 2 O. 
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2. By treating the imido>chlorides, thiamides, and iso-thi> 
amides with ammonia or with primary or secondary amines 
(JVallach, Betmthsen)^ thus: — 

K-CS-NHo + NHoR' = II-0(NHXNHR) + HoS; 

R.qNHXSR) + NHg = R.C(NHXNHj) + RSH. 

3. By heating the nitriles with (primary or secondary) amine 
hydrochloride; this is a particularly easy method when aromatic 
amines are used, but not in the case of ammonium chloride 
(Bemthsen ) : 

CHs.CN + NHj.R = OHg.CXNHXNHR). 

4. By the action of amine bases or ammonia upon imino- 
ethers. 

Behaviour, — 1. They decompose into ammonia or amine and 
acid when boiled with acids or alkalis (see above), and into 
ammonia and amide upon boiling with water. 

2. The dry compounds, when heated, readily yield am- 
monia or amine and acid nitrile, so long as the imido-hydrogen 
atom has not been replaced by alkyl groups. 

Amidoximes are the compounds formed by the addition of 
hydroxylamine to nitriles, and, from this mode of formation 
and from their properties, appear to be amidines in which an 
amido- (imido-) hydrogen atom is replaced by hydroxyl: 

R-CN + NH,OH = 

Such an amidoxime is, for instance, isuret, NHg-CHrN •OH, 
also termed methenyl amidoxime, which is prepared from 
hydrocyanic acid and hydroxylamine ; it is isomeric with carb- 
amide or urea; also ethenyl amidoxime, CH 3 *C(N«OH)(NH 2 ). 
These compounds are hydrolysed in much the same manner as 
amidines. 


VIII. POLYHYDRIC ALCOHOLS 

A Dihydric Alcohols or Glycols, CnHaa(OH), 

The dihydric alcohols may be regarded as derived from the 
paraffins by the replacement of two hydrogen atoms by two 
hydroxyl groups. • 

As the menohydric alcohols are often compared with the 
hydroxides derived from the monovalent metals, we may 
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compare the glycols with the hydroxides derived from the 
bivalent metafa, t,g, C2H4(OH).^ with Pb(OH)2. In the satu- 
rated dihydric alcohols we have the hydroxyl groups attached 
to a bivalent alkylene radical, CgH/, OgH^", &c. 

In many respects they resemble the monohydric alcohols, 
but they possess these properties in duplicate. Just as, e.g,y 
plumbous hydroxide, Pb(OH)2, can rive rise to two series of 
salts, e,g. the basic chloride, OH*J?b*Cl, and the normal 
chloride, PbClg, so glycol, 02H4(0H)2, can give rise to two 
chlorides, 0H«C2H4*C1 and C2H4CL known respectively as 
glycol monochlornydrin and glycd mchlorhydrin or ethylene 
aichloride. Similarly, with the acetates and amines derived 
from glycol we have — 

OH.C2H4.O-OO.CH3 and C2H4(0.C0.CH8)2 
Mono-acetate Dl-acetate, 

OH.C2H4.NH2 and C2H4(NH2) 

Hydroxyethylamlne Ethylene diamine, 

and similarly with other glycols. 

The glycols, as alcohols, give rise to every class of alcoholic 
derivative; but when, for example, the formation of an ester 
such as glycollic monoacetate has taken place, this still behaves 
as a monohydric alcohol, yielding, e,g., with a second molecule 
of acid, a new ester; it is therefore termed an ester-alcohol. 

It is not necessary that both the groups which replace 
the hydroffen or hy^oxyl should be of the same nature; 
thus we Know a mixed derivative of the composition 
NHg’OgH.-SOg'OH, which possesses at one and the same 
time the character of an amine and of a sulphonic acid. 

The glycols are mostly thick liquids of sweetish taste, a few 
only being solid crystalline compounds ; they dissolve readily 
in water and alcohol, but are only sparingly soluble in ether. 
It will be found that the solubifity of a compound in water 
tends to increase, and its solubility in ether to decrease, with 
the number of hydro^l groupsi present in the molecule of the 
compound. Thvir boiling-points are much higher than those 
of the corresponding monohydric alcohols, just as these latter 
possess considerably higher boiling-points than the hydro- 
carbons from which they are derived. c 

ConslMton, — As alre^y stated, the glycols contain two 
hydroxyl groups in each molecule; £he arguments in favour 
of the presence of these hydroxyl groups are eiactly similar 
to those used in the study of the constitution of ethyl alcohol, 
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and are based mainly on certain methods of formation, and on 
the chief chemical characteristics of the compounds. 

Glycols which contain two hydroxyls linked to the same 
carbon atom are, as a rule, incapable of existence, and are 
only known in derivatives (see p. 67). Instead of the glycols 
CH 2 ( 0 H )2 and CH 3 «CH(OH) 2 , we always obtain the corre- 
sponding aldehydes, CHgiO and CHg-CHrO. All glycols con- 
tain their hydroxyls attached to two different carbon atoms. 
Glycol itself has thus the constitution OH-CHg-CHg-OH, 
which can be proved directly by transforming it, by means of 
hydrochloric acid, into glycol chlorhydrin, CHoCl • OIL • OH, 
and oxidizing the latter to monochloracetic acid, CHgCl • CO • OH . 
In this last compound the chlorine and hydroxyl are united 
to different carbon atoms, and consequently the same applies to 
glycol chlorhydrin and to the two hydroxyl groups of glycol. 

The monohydric alcohols are distinguished as primary, 
secondary, and tertiary. The glycols may in the same way 
be characterized as di-primary when they contain the group 
CHg'OH twice, as in glycol; as primary-secondary when they 
contain the group CHg-OH together with the group CH«OH, 
as in propylene glycol, CH 3 »CH( 0 H)*CH 20 H; further as 
di-seoonda]^, primary-tertiary, secondary-tertiary, and di- 
tertiary. The structure of a glycol is usually determined by an 
examination of its oxidation products. (See pp. 199, 210, seq.) 

Modes of Fo7'mation. — 1. From the di-halogen-substituted 
derivatives of the paraffins, in which the two halogen atoms are 
attached to two different carbon atoms, e.g, ethylene bromide : 

(a) By transformation into the di-acetates by means of silver 
or potassium acetate, and hydrolysis of the ester so produced 
by potash, baryta, or alcoholic sodium ethoxide (Bainbridge, 
J. a S. 1914, 105, 2291): 

CHgBr.CHaBr -f- 2CH3.CO.OAg 

= CHa.CO.O.CHg-CHo-O.CO.CHs + 2 AgBr, 
CHe.CO.O.CHg-CHn-O.CO.CH, -f 2 KOH 

= 0H.CH2-CH2-0H-+-2CH3.CX)0K. 

In the actual preparation of glycol from ethylene bromide, 
potassium acetate, and alcohol {Demole)y this saponification 
ensues directly upon prolonged boiling of the mixture. 

(b) By boiling with water and lead oxide or potassium 
carbonate. These reagehts serve to neutralize the acid as it 
is formed, aJid so the reaction is facilitated: 

C2H4Br2 + 2 HOH C2H4(OH)2 + 2 HBr. 
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2. Ill the reduction of ketones to secondary alcohols, the 
so-called pinacones, i.e, di-tertiary glycols, are obtained as by- 
products (see pp. 75 and 140), thus: — 


CMejrO 


CMe2*OH 

CMe^-OH 


(pinacone). 


3. By the careful oxidation of olefines by means of very 
dilute kMn04 (p. 48): 

CHa-.CHj + O + HaO = OH.CHg.CHj.OH. 

Behaviour, — 1. As in the case of the monohydric alcohols, 
the hydrogen of the hydroxylic groups is directly replaceable 
by potassium or sodium, with the formation of alooholates, e,g. 
OH • • ONa and C«H4(ONa)2, sodium and di-sodium glycols. 

2. The metal in tnese compounds may be exchanged for 
new alkvl groups by treatment with alkyl iodide, when gly- 
collic ethers are obtained: 

C2H4(ONa)a + 2 C 2 H 4 l = 2 NaI + CaH4(O.C2H5), 

Olyool dl-ethyl ether. 


These ethers, like those of the monohydric alcohols, are stable, 
and cannot be hydrolysed by dilute mineral acids or alkalis. 

3. Acids act upon them to produce esters, which are either 
normal esters or ester-alcohols (see p. 196). 

The halogen esters of the glycols are termed chlor-, brom-, 
or iodhydrins, e,g. glycol chlorhydrin, CoH4Cl(OH), glycol di- 
chlorhydrin, C2H4CT2, &c. The ester-alconols which are formed 
by the action of halogen hydride may also be regarded as 
mono-substitution products of the monohydric alcohols, which 
cannot be prepared by direct chlorination, e,g. C2H4C1(0H), 
monochlorethyl alcohol Similarly the di-halogen esters, 
CH201*CH2Cl CH2Br*OH2Br, &c., are the di-substitution pro- 
ducts of the parafiins, viz. ethylene dichloride and dibromide. 

4. As the halogen atoms in the chlor-, brom-, and iodhy- 
drins are readily replaceable, just as in C2HpCl or CjH^I, 
these compounds may be used for the preparation of most of 
the other glycol “derivatives; thus they yield thio-glycols with 
potassium hydrosulphide, amines with ammonia, sulphonic acids 
with sodium bisulphite, and nitriles with potassium cyanide. 

5. Alkalis react with the glycol monochlorhyarins, and by 
the elimination of HCl yiela cyclic .aDhydrides, e,g, ethylene 

OH v 

oxide, It is interesting to note that thefe anhydrides 

ijOY 
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cannot be obtained by the elimination of water from the glycols 
themselves. When ethylene glycol is heated with zinc chloride 
at 230° water is eliminated, and the product obtained is acet- 
aldehyde (or a polymer). This reaction is explained by assum- 
ing the intermediate formation of unsaturated alcohols which 
are not in themselves capable of existence, GH 2 :CH(OH), 
but which immediately undergo transformation into the iso- 
meric aldehydes or ketones: 

CHatCH.OH = CHs-CHrO. 

6. As alcohols the glvcols are readily oxidized. If they 
contain the primary alcoholic group, they can yield aldehydes 
and acids containing the same number of carbon atoms. If they 
contain a secondary alcoholic group, they yield ketones, e,g , : 

CHoOH-CHoOH — CHO.C?HoOH 

— COOH.CH2OH — COOH-COOH 

CHa.Cmom.CH-OH — CH3.CH(OH).COOH 

— CH3.CO.OOOH, &c. 


Methylene- and Ethylidene-glycols. (See Aldehydes.) 

Ethylene glycol (glycol), OH-CHg-CHg-OH (fFurtz, A. 100, 
110), is prepared from ethylene bromide by means of potas- 
sium acetate in alcoholic solution (Demole), or of potassium 
carbonate in aqueous solution, as given above (A. 192, 250). 
For properties, see above. Its formula has been corroborated 
by the determination of its vapour density. Oxidizing agents 
transform it into glycollic acid, OH'CHo'CO-OH, and oxalic 
acid, OH. CO. CO. OH. 

Propylene glycol is known in two isomeric forms, viz. : 

(a) Trimethylene glycol, )8-Propylene glycol, Pr<^ne-l:3’ 

diol, OH.CHg.CHg.CH^'OH, which is prepar^ from tri- 
methylene bromide, and is a di-primary glycol boiling at 216°. 
It is also produced by the Schizomycetes fermentation of gly- 
cerol (B. 14, 2270). * , 

(b) a-Propylene glycol, Propane-l :2-diol, CH 3 .CH(OH). 
CH«*OH, can be prepared from jjropylene bromide in an 
analogous manner, but is more easily obtained by distilling 
glycerol with caustic soda. It boils at 188°. It contains an 
asymmetric carbon atont in the molecule, and becomes opti- 
cally (— ) active when fermented, i,e. fission fungi destroy the 
dextro modification more rapidly than the laevo. 
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Four butylene glyooli, and various amylene- and hexylene- 
glycols, &c., are ako known. Of these, the y-glycols (in which 
the hjrdroxyls are in the positions 1:4, and which therefore 
contain the grouping •0(0H)*0»C*C(0H)-) yield compounds 

1 2 8 4 

of the fiirane series by the formation of anhydrides (B. 22, 
2667), and therefore stand in close relation to thiophene and 
pyrrole, Chap. XXXIV. 

Pinacone, Tetramethyl - ethylene glycol (2:3- Dimethyl - 
butane-2:3-diol)y (CH3)2:C(OH)*C(OH):(CH3)2. The hydrate, 
(+ OHgO), forms large qua^atic tables; in the anhydrous 
state it is a crystalline mass melting at and boiling at 
172®. When warmed with dilute su^huric or hydrochloric 
acid it yields pinacoline, OH 3 *CO*C(CH 3 )g, methyl tertiary- 
butyl ketone or 2:2-dimothyl-butan-3-one (see p. 143): 

^p>C(OH).C(OH)<^| CH,.C!O.O^s + HA 

In this reaction an interesting intramolecular rearrangement 
occurs, together with the elimination of water. 

Numerous other pinacones are known. They may be ob- 
tained by reducing ketones or synthetically (lAebm, M. 17, 68 ; 
19, 16), and with acids yield the corresponding pinacolines. 

DERIVATIVES OE THE GLYCOLS 

The ethers, e,g, 02 H 4 ( 0 GHg) 2 , are mostly colourless liquids 
with ethereal odours, and have lower boiling-points than the 
glycols. (Of. Ether and Ethyl Alcohol.) They cannot be 
readily hydrolysed. 

The esters, e,g, CoH.(0« CO * 0113 ) 2 , are also mostly liquids, 
and are readily hydrolysed. 

The following esters of inorganic acids are interesting: — 

Glycol chlornydrin, CHgCl^CHg-OH, obtained by passing 
hydrogen chloride into warm glycol, or by the addition of 
hypocnlorous acid to ethylene, ^is a liquid miscible with water, 
and boiling at 150 ®; in this last respect differing from its corre- 
sponding alcohol to almost the same extent as ethyl chloride 
does from alcohol. 

Olycollic di-nitrate, 0 «H 4 (NOg) 2 , is prepared fcy acting, on 
glycol with sulphuric ana nitric acids: 

CgH4(OH)j -f 2NOg.OH = CgH4(0.N02)2 -|^2HgO. 

It is a yellowish liquid, insoluble in water, is readily hydro- 
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lysed by alkalis to glycol and nitric acid, and hence the con- 
stitution. The formation of such nitric esters, which are 
highly explosive, is characteristic of the polyhydric alcohols 
(see Nitroglycerine). 

Ethylene cyanide, CN • CH^ • CH« . ON, obtained by the 
action of potassium cyanide on ethylene dibromide, is a 
crystalline solid, and on hydrolysis with alkalis yields 
CO 2 H • OH 2 • CI^ • CO^H, succinic acid, and hence may be 
regarded as suocmonitnle. 

Glycol monochlorhydrin with potassium cyanide yields 
ethylene oyanhydrin, or the nitrile of j 8 -lactic acid, OH-CHg* 
CHj • ON. Isomeric with it is ethylidene oyanhydrin, 
OH 3 *011(011) -ON, the additive product of hydrocyanic acid 
and aldehyde (p. 132). 

Ethylene oxide, C 2 H 4 O (Wurtz), obtained by distilling 
glycol chlorhydrin with caustic -potash solution, is a mobile 
liquid of ethereal odour boiling at 13*6®. It is miscible with 
water, and slowly converted into the glycol. 

It has many of the properties of an unsaturated compound, 
e.g. with HOI it yields the chlorhydrin, with NH^ the amino 
alcohol, OH-OHg-OHg-NHg, with OHgMgl and then water 
?i-propyl alcohol, and with chlorine ethylene dichloride. 

It is lately owing to the last reaction that the ring consti- 
tution, • and not the open-chain formula, OH^rOH-OH, 

is given to the compound. The formation of additive com- 
pounds is accompanied by the rupture of the ring. Some of 
the higher homologues of ethylene oxide are much more 
stable, and do not yield additive compounds; this is due to 
the fact that the ring is more stable and therefore less easy to 
rupture (compare Polymethylene Compounds). 


AMINES OF THE DIHYDRIO ALCOHOLS 

These are derived from glycpls by the replacement of one or 
both hydroxyl groups by amino groups: • 

OH-CHa.CHa.NH, and NHj.CHj.CHj.NHj 
Hydroxy ethylamine Ethylene diamine. 

• 

In the former case compounds are obtained wnich possess 
the properties of an amifte in addition to those of an alcohol; 
in the latter^ diamines free from oxygen, which are analogous 
to ethylamine, but are di-acid and not mono-acid bases. 
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Secondary and tertiary diamiueB corresponding with the 
primary amine, NHj-CHj^CUj'NHj, are known, e.g.-. 


The methods by means of which these diamines can be 
obtained are analogous to those described for the monamines, 
viz. : — 

1. By heating ethylene bromide, &c., with alcoholic am- 
monia to 100° {Hofmann). The primary, secondary, and ter- 
tiary bases, which are formed simultaneously, can be separated 
by fractional distillation. 

The hydroxy amines (or alkines, Ladenhurg) are obtained in 
an analogous manner by using ethylene chlorhydrin, thus: — 

C2H4(0HX:I1 + NHa = C2H4(OH)(NH2) -f HCl. 


In this case also primary, secondary, and tertiary bases are 
produced at the same time. Ethylene chlorhydrin yields 
choline chloride (p. 203) with trimethylamine. 

2. Prima^ diamines are formed by the reduction of the 
nitriles, CnH^(CN) 2 , with metallic sodium and alcohol, e.g . : 

CN-CHa-CHa-CN + SH = NHg.CHa.CHa.CHa.CHg.NHa. 


3. From the esters of dibasic acids of the oxalic acid series 
(p. 239) by converting first into the hydrazide, then into the 
azide, and through the dicarbamate into the amine (J. pr., 1915 
[II], 91, 1); thus with ethyl adipate: — 

NoHa HNOo 

C4H8(COaEt)2 -H. C4H8(C0-NH.NH2)2 — C4H8(CON3)2 
Eton 

-- C4H8(NH.C02Et)2 — C4H8(NH2)2. 


Ethylene diamine, CaH 4 (NH 2 ) 2 , Biethylene diamine, 
(C 2 H 4 ) 2 N 2 H 2 , &c., are colourless liquids distilling without de- 
composition. The former boils at 123°, and has an ammoni- 
acal odour; th^ latter melts at 104° and boils at 146°, and 
is identical with piperazine, i.e. hexahydro-pyrazine. Hence 

it possesses the constitutional formula 


,.CH2- 

and has a closed-chain constitution {Hofmann, B. 23, 3297). 

Tetramethylene - diamine, BiUane^ 1 : 4 -diamine, pdresdne, 
bidylens4iamine, NHg'CHg'CHg-CHn.CHo-NHn,*'^ prepared 
according to method 2, and is also formed during the putre- 
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faction of flesh. As a “y-diamine”, ie. the diamine of a 
y-glycol, it is closely related to pjrrrole, from which it is 
formed by the action of hydroxylamine ^whereby a dioxime 
is first produced), and subsequent reduction (B. 22, 1968). 

Fentamethylene diamine, cadaverine, NH 2 «(CIL)..NH«, is 
formed by the reduction of trimethylene cyanide, ON»(CHj|) 3 * 
CN, which on its part is prepared from tnmethylene bromide 
CHgBr-CHg-OHgBr, and KCN {Ladenbwg). It is a colourless, 
syrupy liquid of very pronounced spermaceti and piperidine 
odour, solidifies in the cold, and boils at 178^-179°. It possesses 
especial interest, because, being a S-diamine, it gives up ammonia 

and yields the cyclic base piperidine, 

(see Chap. XXXVII, B.). 

Many of these polyacid bases are found in decaying albumen 
and in corpses, and are designated ptomaVnes or toxines (cf 
e.g. B. 19, 2586). 

Choline, bilineurine, ethylol • trimethyl • ammonium hydroxide^ 
OH-CH^-CHg-NMeg-OH (Strecker\ is found in the bile 
(xoA.^, bile), brain, yolk of egg, &c., being present in these 
combined with fatty acids and glyceryl-phosphoric acid as 
lecithin. It is also found in herring brine, hops, beer, and 
in many fungi, &c., and is obtained by boiling sinapine with 
alkalis (the old name for this product was “ Sincaline ”). 
Choline is a strong, deliquescent base, and readily absorbs 
carbon dioxide from the air. It is not poisonous. The 
chloride has the formula OH-C^H 4 *NMeXl. Concentrated 
HNOg oxidizes choline to muscarine, C 5 H 15 NO 3 = (OH) 2 CH* 
CHg-NMe^-OH, an excessively poisonous base, which is 
present in toad-stool, Agaricm muscarius. 

By transforming choline, hy means of hydriodic acid, into 
its iodide, CH^*CH 2 *NMe 3 l, and treating the latter with 
moist oxide of silver, and also from the putrefaction of choline, 
neurine (vefipov, nerve), trmethyl- vinyl •a/mmmirm hydroxide^ 
CHj^:CH*NMe 8 -OH (Hofmarm), is obtained. This base, con- 
taining the unsaturat^ radical “ vinyl ”, is very similar 
to choline, and can also be prepared from lA^in substance; it 
is only known in solution, and is very poisonous. It can be 
re-transforyied into choline. (For this, and also for deriva- 
tives, see e.g. A. 267, 249; 268.) 

Another natural compound related to hydroxy ethylamine 
is taarme,»C^ 7 NS 03 (ffmelin), which is present in combina- 
tion with chdic acid as taurooholio acid in the bile of oxen 
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and many other animals, also in the kidneys, lungs, &c. It 
crystallizes in large monoclinic prisms, is readily soluble in hot 
water, but insoluble in alcohol, and decomposes when strongly 
heated Its constitution follows from its synthesis. 

Isethionio acid, hydroxy-ethyl-sulphonic acid, OH-CBL- 
CHg-SOg-OH, is obtained when carhyl sulphate, 031148^0^ 
(from C0H4 and SO3), is boiled with water; its constitution 
follows from its properties, and also from the fact that it 
may be obtained hy ^e oxidation of the hydroxymercaptan, 
OH-CHj-OIL-SH. Isethionic acid vrith PCI5 yields the 
chloride CHgCl-CHn-SC^l, and this with water rives chloro- 
ethylnsulphonic acid, C^Cl-CHjj-SOg-OH, whidi with am- 
monia yields taurine; its constitution must, therefore, be 

axnino-ethyl-sulphonic acid, and in 
accordance wi^ this constitution it unites in itself the pro- 
perties of an alcoholic amine and a sulphonic acid and is 
therefore at the same time a base and an acid, but the acidic 
properties predominate. Its reaction with nitrous acid is that 
of a primary amine. As an alkyl sulphonic acid, it is not 
hydrolysed by boiling with alkalis and acids. It is sometimes 
represented as a cyclic ammonium salt, 

CHg-NHj 

CHa-SOg. 

Numerous unsaturated glycols of the type, OH*CHMe* 
CjC-CHMe-OH, have been prepared by the action of alde- 
hydes on the Grignard compounds, BrMgCjC^MgBr, derived 
from acetylene (locitsch, H. B., 1914 , i, 375 ). 

B. Trlhydric Alcohols 

The molecule of each trihydric alcohol contains three hy- 
droxyl groups, each attached to a different carbon atom. They 
may be regarded as analogous to the hydroxides of tervalent 
metals e.g. 03H5(0H)3 and Al(OH)3. They can give rise to 
three distinct groups of derivatives according as one, two, or 
three of the hydroxyls react, *e,g, chlorides — C3H3C1^H)2, 
monochlorhydrin*; GoHjCL-OH, dichlorhydrin; and G3H5GI3, 
trichlorhydrin of glycerol. Similarly for acetates, amino- 
derivatives, &c. I 

Althmgh the compound GH(OH)3, ortho-formio acid, is not 
known, derivatives, e.g. ethyl ortho-formate, GH(OEt)3, (p. 148 ), 
and similarly ethyl ortho-aoetate, GH3«C(OEt)3, caA readily be 
prepared. 
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Olyoenne, glycerol, propcm-li^iS-triol, OH -0112-011(011) • 
CHg-OH. (Scheele, 1779; formula established by PeUmze in 
1836, and constitution by Bertheht and JVurtz,) 

Synthesis , — By heating 1 :2:3-trichlorpropane with water tc 
170^; 

CHaCl CHa-OH 

CHa +3H.0H = CH-OH + 3HC1. 

(JJdLad CHa'OH 

The trichlorpropane is itself obtainable from isopropyl iodide 
(which can also be pr^ared synthetically) by conversion into 
propylene, addition of (Sla, and heating the propylene dichloride 
thus formed with iodine chloride {Fnedel and Silva, Bull. Soc. 
Ohim. 20, 98) : 

CHa-CHI-OHj — CH^CHrCHa 

— CHs-CHa-CHaCl — CHaOl-CHa-CHaa. 

Glycerol is also produced when allyl alcohol is oxidized with 
very dilute potassium permanganate: 

CHaiCH. CHa-OH — 0H.CH2-CH(0H).CH2.0H. 

The constitution of glycerol follows from these syntheses and 
also from its relation to tartronic acid (p. 206); each of the 
three hydroxyls is attached to a separate carbon atom. 

Manufacture , — It is a by-product in the manufacture of hard 
soaps (p. 164), and crude glycerine is made by concentrating 
the waste lyes in suitable salting-out evaporators, from which 
the common salt can be removed as it is formed. It is also a 
by-product in the manufacture of stearic acid for candles. The 
oils or fats are hydrolysed by one of the methods mentioned 
on p. 164, or by means of an enzyme (lipase) present in castor 
seeds. The crude, neutral glycerine liquor, after removal of 
the fatty acids, is concentrated under reduced pressure as 
glycerine vaporizes at 100'', and the crude, concentrated pro- 
duct is refined by distillation with superheated steam under 
reduced pressure, the distillate is again concentrated, and, if 
necessary, filtered through animal charcoal. 

A biochemical method is by the alcohoXc fermentation of 
glucose. In the ordinary fermentation, by means of yeast 
(p. 79), a 3-per-cent yield of glycerol is obtained, but this is 
easily increased to 20 per cent by the addition of small amounts 
of sodium sulphite (H^lv,, 1919, 2, 167) or sodium carbonate 
(J. S. C. 1^1919, 38, 175 R.). 

Properties , — It is a thick, colourless syrup, of specific gravity. 
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1*27, solidifies, when strongly cooled, to crystals like those of 
sugar-candy, which melt at 17°. It boils at 290°, but, when 
impure, can be distilled without decomposition under diminished 
pressure only, viz. at 170° under 12 mm. It is very hygro- 
scopic, and mixes with water and alcohol in all proportions, 
but is insoluble in ether. 

Uses , — In the manufacture of liqueurs, fruit preserves, wine, 
&c.; for non-drying stamp colours and blacking; when mixed 
with glue, in book printing ; as a healing ointment for external 
use; but especially in the manufacture of nitro-glycerine and 
in the colour industry. 

Behomov/r, — 1. With alkalis and other metallic hydroxides 
it forms alooholates, which are readily decomposed again into 
their components. 

2. As a trihydric alcohol the hydrogen atoms of the OH 
groups can be replaced by alkyl radicals yielding ethers, e,g, 
mono-ethy^ C8H5(OH)2(OC2H5),and tiiethylin, 0^5(002115)8, 
liquids which boil without decomposition. 

3. As an alcohol it forms the most various esters: thus, with 
sulphuric acid, the easily saponifiable glyceryl-sulphuric aci^ 
0365(01^2(0 • SOgH) ; with phosphoric acid, glyceryl-phosphoric 
acid, 03]i(0H)«^*P03H2); with nitric acid, glyceryl trini- 
trate, 0«H5(0*N02)3; with hydrochloric acid the chlorhydrins; 
and with the higher fatty acids the fats. For its behaviour 
with hydriodic acid, or iodine and phosphorus, see p. 63. 

4. It yields con^unds of a mercaptan or aminic character 
by exchange of OH for SH or NHg. 

5. When distilled with dehydrating agents, ay. phosphorus 
pentoxide, or, better, anhydrous potassium hydrogen sulphate, 
two molecules of water are eliminated from each molecule of 
glycerol, and acrolein (p. 136) is formed. By the indirect sepa- 
ration of one mol. H2O, glycide alcohol, C3H8O2, is obtained. 

6. Oxidizing agents convert it, acconiing to circumstances, 
either into glyceric, OH • CHg • CH(OH) • COgH, tartronic, 
C02H.CH(0H).C02H, or mesoxalic acid, CO^-CO-COJi, 
or acids with a smaller numben of carbon atoms. The tor- 
mation of the three above-mentioned acids indicates that 
glycerol molecule must be built up of two primary and one 
secondary alcoholic groups, as represented in the formula 
alrea(^ given. Halogens oxidize and do not sulfetitute. 

7. It yields normal butyl alcohol, cjproic acid, and butyric 
acid by certain fermentations, (Cf. B. 16, 884.) 

It is used in the preparation of allyl alcofiol (p. 85), 
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acrolein (p. 136), allyl iodide (p. 68), isopropyl iodide (p. 63), 
and formic acid (p. 154). 

DERIVATIVES 

Chlorhydrins (hydrochloric esters). Mono- and diohlor- 
hydrins are formed by the action of hydrochloric acid on 
glycerol, and triohlornydrin by the action of phosphorus 
pentachloride on the mono- or di-compounds. Each of the 
two first-named exists in two isomeric modificationa 

a-Monoohlorhydrin, 3-Chloro -propane- 1 : 2-diol^ CHo(OH) • 
CH(0H)-CH2C1, is formed from epichlorhydrin, Cgll^O'Cl, 
(see below), and water; a-dichlorhydnn, \ :^-dichlor(hpropane-2-ol, 
CHoCl . CH(OH) . CH.C1, from epichlorhydrin and HCl; ^S-mono- 
ohlorhydrin, 0aj(0H).CH01.CH2(0H), and ^-dichlorhydrin, 
CHnCl-CHCl'OHg-OH, by the addition of hypochlorous acid 
to allyl alcohol or to allyl chloride. 

The chlorhydrins are liquids sparingly soluble in water, and 
readily soluble in alcohol and ether. Their boiling-points are 
much below that of glycerol. 

Olycide Compounds. — By the elimination of water from 
glycerol a compound is obtained which unites within itself 
the properties of ethylene oxide and of a monohydric alcohol, 
viz. glycide alcohol, 

OH.CHa-CH.OH OH.OHj.CHv 
CHj-OH 

which is isomeric with propionic acid. 

It may be prepared by the abstraction of HCl from a-mono- 
chlorhydrin by means of baryta, just as ethylene chlorhydrin 
yields ethylene oxide. It is a colourless liquid, boiling at 162®, 
and miscible with water, alcohol, and ether. It combines with 
H2O, yielding glycerol, and with HCl yielding the chlorhydrin, 
and, as an alcohol, forms esters (glycide esters), &c. Its hydro- 
chloric ester is epichlorhydrin, 

CHjCl.CHv 

isomeric with chlor-acetone and propionyl chloride, a mobile 
liquid of chloroform odour, boiling at 117®, which is formed by 
the elimination of HC^from either of the dichlorhydrins. Like 
ethylene qxide it is capable of combining with H«0, HCl, &c. 

Esters of Nitric Acid.— Mononitrin, C8H5(0H)2(0-N02) 
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and trinitrin or nitro-glyoerine, 03115(0 •NOgXs, are known. 
The latter is prepared by treating glycerol with a cold mix- 
ture of concentrated nitric and sulphuric acids (B. 1899, 32, 
1444). It is a colourless oil, insoluble in water, poisonous, 
and of a sweet, burning, aromatic taste. Sp. gr. 1 *6. M.-pt. 
about 11®-12°. It solidifies on cooling, and exists in two 
physical crystalline isomerides {Hepwortky J. C. S. 1919, 116, 
840). It burns without explosion, but explodes with terrible 
violence when quickly heated or when struck {NoheVs explosive 
oil). When mixed with kieselguhr in the proportion of three 
parts to one it forms dynamite {Nohely 1867), which is exploded 
by fulminate of mercury with frightful force. It is hydrolysed 
by alkalis and by ammonium sulphide, yielding glycerol and 
nitric acid, and hence its constitution as a nitrate, C3H5(0 • N02)3, 
and not a nitro-derivative, e.g, C3H2(N02)3(0H)3. 

The natural glycerides are mostly normal esters, e,g, 
glyceryl tripalmitate, tripalmitin, C3H5(0«C0« CjaH 3 ,)s. 
toisteann, &c. (see p. 164, et seq,). These esters can also 
be obtained artificially, as can also the mono- and dihydric 
esters, e.g. monopalmitin, (OH)2C3H5 • 0 • CO • 0,5113, ), and 
dipalmatin, OH* €3115(0 • CO •Oj5H8,)2, and mixed glycerides 

(p. 166). 

Most are wax-like solids, and, on hydrolysis, yield as ulti- 
mate products glycerol and the fatty acid. With the normal 
esters this hydrolysis occurs in stages yielding the mono- 
hydroxy ester, then the dihydroxy, and finally glycerol. 

Glyceryl oxalates play an important part in the conversion 
of oxalic acid into formic acid and of glycerol into allyl alcohol. 
The first of these reactions has already been described (p. 154). 
The formation of allyl alcohol probably proceeds in the follow- 
ing stages. (Chattaway, J. C. S. 1914, 106, 153.) By the action 
of oxalic acid upon glycerol a certain amount of the neutral 
oxalate (dioxalin) I is formed in addition to the acid oxalate 
(p. 154 and 85). The neutral oxalate decomposes at the 
higher temperature into carbon dioxide and allyl alcohol. 
Some of the glycerol may form ihe trioxalate (trioxalin) II, 
which then decomposes into carbon dioxide and allyl formate 
III, which is always formed as a by-product. 

€ 

CHg-OH CHg-O-CO CH2 

CH.OH — I CH-O-CO CH + ^COg 

CHa-OH CHa-OH CK^-OIL 
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CHg.O.CO CH2 

II CH-O-CO — III OH +3CO2 
CH2-O.CO.COOH CHg-O-CO-H. 


The glyceryl esters of phosphoric acid, H3PO4, are com- 
pounds of interest as they are related to natural products such 
as the lecithins (Chap. XLIII). Both a and /3 monophosphates, 
viz. 0H.CH2.CH(0H).CH2.0.P0(0H)2and (OH.CH2)2CH. 
O.PO(OH)o, have been prepared, the former from a-monochlor- 
hydrin and trisodium phosphate and the latter from phosphoryl 
chloride, and the a-dichlorhydrin and subsequent hydrolysis 
^ing and Pyman, ihid. 1238; Bailly^ C. it 1915, 161 , 677. 
For methods of discrimination between a- and jS-glycerophos- 
phates, cf. Orimbert and Bailly^ C. R. 1915, 160 , 207. 

Glycerol condenses readily with aldehydes and ketones in 
the presence of hydrogen chloride. With acetone the isopro- 

, OH.CH^.CH.Ov , . , . , , 

pylidene ether, . X^Meg, is obtained, the con- 

CH2 • O 

stitution has been ascertained by methylating, hydrolysing, 
and proving that the product is the a-methyl ether, OMe • CHn • 
CH(0H).CH2.0H. (J. C. S. 1915, 107 , 337.) An optically 
active glycerophosphoric acid, OH - CHg • CH(OH) • CH2 • 0 • 
P0(0H)2, has been synthesized by Abderhaldm and Eichwald 
(B. 1918, 51 , 1308) by the action of phosphoryl chloride on 
a-a-bromhydrin in dry pyridine at —10°. The lithinum salt, 
C3H.^03PLi2, has [a]u + 3*51° in aqueous solution. 


C. Tetra-, Penta-, and Hexahydric Alcohols 

These alcohols can react respectively with 4, 5, or 6 mole- 
cules of a monobasic acid to form neutral esters, and conse- 
quently 4, 5, or 6 alcoholic hydroxyls are to be assumed as 
present in their molecules. 

The number of hydroxyls present in an alcohol is usually 
determined from the number of acetyl groups present in the 
ester which is formed when ihe alcohol is hpated with acetic 
anhydride and anhydrous sodium acetate, thus : — 

CoH8(OH)e+ 6(CH3.C0)20 = CeH8(O.CO.CH3)e -f 6CH3.CO2H. 

The acetyl derivative is then hydrolysed with alcoholic 
potash and the amount of potash used up determined by 
titration, oi^is distilled with benzene sulphonic acid and the 
distillate titrated. 
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The ester of any alcohol in question may also be prepared by 
the aid of an acid containing halogen, bromo-benzoic acid being 
especially suitable for this; and from the percentage of bromine 
found in the ester, the number of acid radicals which have entered 
the molecule, i.e, the number of hydroxyls, can be deduced. 

The polyhydric alcohols are solid crystalline compounds of 
sweet taste. Many occur as natural products, and they may 
be obtained by the reduction of the corresponding hydroxy 
aldehydes, hydroxy ketones, or hydroxy monobasic acids (man- 
nonic acid, &c.) by sodium amalgam. (E, Fischei\ B. 22, 2204.) 
Conversely, cautious oxidation by bromine water transforms 
them first into st^rs (hydroxy aldehydes), and then into the 
corresponding acids. As a rule they cannot be volatilized 
without decomposition. Their derivatives are exactly analo- 
gous to those of glycol and glycerol. 

Their constiMion follows from the generalization already 
repeatedly referred to, viz. that not more than one hydroxyl 
group can be attached to the same carbon atom without the 
immediate separation of water, so that a tetrahydric alcohol 
must contain at least 4, and a hexahydric alcohol at least 6, 
atoms of carbon. The tetrahydric alcohol ery thritol, C4He(OH)4, 
has thus the formula: 

OH . CH, . CH(OH) . CH(OH) • CH2 • OH, 

and mannitol, the simplest of the hexahydric alcohols, C0Hg(OH)0, 
the formula: 

OH.CHs(CH.OH)4.CHj.OH. 

All the common polyhydric alcohols have a normal carbon 
chain, as on reduction with hydriodic acid they yield normal 
secondary iodides, e,g. ery thritol yields 2-iodo-butane, CHg- 
CHI-CHg-CHg. 

1. Tetrahydric Alcohols.— -Ortho-carbonic ether, C(OC^.^ 4 , 
is to be regarded as the ether of the hypothetical alcohol, C(OH)a, 
which may be looked upon as the hydrate of carbonic acid, 
but is itself incapable of existence. It is a liquid of ethereal 
odour, boiling at •169®. 

Er^hritol {ButomerUtrol) occurs in the free state in Proto- 
coccus vulgaris^ and combined with orsellinic acid .as an ester 
(eiythrin), in maxiy lichens and algss. It forms large quad- 
ratic crystals, sparingly soluble in alcohol and insoluble in 
ether. M.-pt. 112®; o.-pt. about 300®. 

2. Pentanydric Alcohols, Arabitol, OH*CH 2 -(CH«OH)s* 
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CHj-OH (from arabinose by reduction). Xylitol, by the 
reduction of xylose, is stereo -isomeric; and rhamnitol, 
OH • CHg • (CH • 0H)4 • CHj, m.-pt. 121°, from rhamnose, is 
homologous. 

3. Hexahydrio Alcohols. — Mannitol, OH-CHg-fCH-OH)^* 
CHo'OH {Promts 1800), is found in many plants, for instance 
in the larch, in Ftbtmvum Opulus, in celery, in the leaves of 
Syringa vulgaris^ in sugar-cane, in Agaricus Meger (of the dry 
substance of which it forms 20 per cent), in rye bread, and 
especially in the manna ash, Iraxinus omus^ the dried juice 
of which constitutes manna. It can be prepared from grape- 
sugar, or still better from fruit sugar, from which it only 
diners in composition by containing two atoms of hydrogen 
more in the molecule, by reduction with sodium amalgam. 

It crystallizes in hne needles or rhombic prisms, and is 
readily soluble in cold water and boiling alcohol. It is 
dextro-rotatory, but a laevo-rotatory and an inactive modi- 
fication are also known. (See Mannonic Acid.) M.-pt. 166°. 
When heated it is converted into its anhydrides, mannitan, 
C^jHigOg, and mannide, Cautious oxidation converts 

mannitol into a mixture of mannose, OH • CHo(CH • OH). • CHO, 
and fructose, OH.OH2(CH.OH)3.CO.CH„.OH. Nitric acid 
oxidizes it to saccharic acid, C02H*(CH*OH)4«C0oH; hydri- 
odic reduces it to secondary hexyl iodide, CHj* CHI* (062)8* 
CH- (p. 62), 

The molecule of mannitol contains 4 asymmetric carbon 
atoms, e.g.: 

OH . CHa . CH(OH) • OH(OH) • CH(OH) • OH(OH) • CH2OH, 

and hence a number of stereo-isomerides are known, e.g, d-, f-, 
and r-mannitol, d-, Z-, r-sorbitol, and dulcitol, which is optically 
inactive owing to the fact that its molecule is symmetrical in 
configuration. (Stereochemistry of Sugars, Chap. XIV, A.) 

The sugars are closely related to the penta- and hexa- 
hydric alcohols, being the corresponding polyhydric aldehydes 
or ketones. The alcohols as a rule are not fermented by 
yeast, and do not reduce an alkaline cupric* solution, dulcitol 
excepted. 

OXIDATION PRODUCTS OF THE POLYHYDRIC ALCOHOLS 

Just as the monohydric alcohols are oxidized to aldehydes, 
ketones, and acids, so the polyhvdric alcohols pass, on oxida- 
tion, into aldehydes, ketones, and polybasic acids. 
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Further, by this oxidation of the polyhydric alcohols we 
obtain not only aldehydes, ketones, and acids, but also 
numerous compounds which possess a double chemical char- 
acter in so far as they unite in themselves the properties of 
more than one of these classes of compounds. These are the 
hydroxy aldehydes, which are at the same time aldehyde and 
alcohol, the hydroxy ketones, at the same time ketone and 
alcohol, the hydroxy acids, aldehyde acids, ketone acids, and 
ketone aldehydes. 

An aldehyde acid, for instance, is capable, as an acid, of 
forming salts, esters, and amides on the one hand ; and on the 
other, as an aldehyde, it is able to reduce an ammoniacal 
silver solution, to combine with NaHSOg, and to react with 
hydroxylamine, &c. 


SUMMARY OF THE OXIDATION PRODUCTS 


(a) Of the di-primary alcohols. 

CHO 
CHO 

, Olyoxal 


CHa-OH 

CHa-OH 

Glycol 


CHj.OH 

'^CHO 

Glycollio aldehyde 


CHj.OH 

CO-OH 

Glycollio acid 


^ CHO 
" CO-OH' 

Glyozalio acid. 


CO-OH 

CO-OH 

Oxalic acid 


Possible products: Di-aldehydes, dibasic acids, hydroxy 
aldehydes, hydroxy acids, aldehyde acids. 

(b) Of the hydroxy primary-secondary alcohols. 


CH3 
CH-OH 
CHa-OH 

a-Propylene 
glycol 



CH, 

CO 

CHj-OH 

Hydroxy acetone 

<1 


CH3 

CH-OH - 
CHO 

(Laotio aldehyde, 
nnknown) 


CH3 

- CO 
CHO 

Afethyl-glyoxal 


CHs 
CH-OH 
CO-OH 

Lactic acid 


CH, 

,60 

^-OH 

Pyruvic 

acid 


o ^ 

-J^ 

03 

'll 

■s-g 

S 

i,ia 
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PoBsible products: hydroxy aldehydes, hydroxy ketones, 
ketone aldehydes, hydroxy acids, ketone acids. 

(c) Of the di- secondary alcohols: hydroxy ketones, di- 
ketones. (No dibasic acids or alcohol acids, 0^.) e.g , : 

CH,.CH>OH CHj.CH.OH C!H,.00 

CHj-CH.OH CHj.OO GHj-CO 

Dl-secondary butylene glycol Dimethyl-ketol Di-aoetyL 

(d) The tri- and polyhydric alcohols are capable of yielding 
numerous types of products upon oxidation, especially poly- 
hydroxy ketones, polyhydroxy acids, keto-acids, and polybasic 
acids. 

Of all these oxidation products, the most important are the 
hydroxy acids, the polybasic acids, and the keto-acids. For 
the sake of convenience the hydroxy monobasic acids will be 
treated of first. 


IX. HYDROXY MONOBASIC ACIDS AND COM- 
POUNDS RELATED TO THEM 

A. Monohydpoxy Fatty Acids 

These compounds may be regarded as monohydroxy deri- 
vatives of the fatty acids, e,g, Ofi-CHg-COoH, hydroxy acetic 
acid, or gly collie acid, OH-CHg-CHg-COgH, j8-hydroxy pro- 
pionic acid, or jS-lactic acid, &c. 

They combine within themselves the properties of a mono- 
basic acid and of an alcohol, and are consequently capable 
of forming derivatives as alcohols, as acids, and as both 
together. 

The lowest members of the series, which are the most im- 
portant, are glyoollio acid and lactic acid, both syrupy liquids 
which solidify to crystalline masses in the desiccator, and readily 
give up water to form anhydrides. They caifhot be volatilized 
without decomposition; and are readily soluble in water, and 
for the mo^ part also in alcohol and ether. 

Formation, — 1. By the regulated oxidation of the glycols. 
(See Summary, p. i5l2.Jb 

2. From^the fatty acids, through their monohaloid substi- 
tution products, the halogen of these being easily replaced by 
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hydroxyl, either by means of moist oxide of silver or often by 
prolonged boiling with water alone : 

CHaCl.COaH + HjO = CH,rOH).COjH + HCl. 

This reaction is conditioned by the halogen having the 
a-position with respect to the carboxyl (cf. pp. 175 and 176). 

For a reaction of these haloid-substitution products m a 
different direction, see /J- and y-hydroxy acids. 

3. From the aldehydes and ketones containing 1 atom of 
carbon less, by the preparation of their hydrocyanic acid com- 
pounds, oyuimydrins (see pp. 132 and 141), and hydrolysis 
of the latter. Thus, trom aldehyde is proauced ethylidene 
cyanhydrin, and from this a-lactic acid: 

CH8-CH(0HXCN) + 2H80 = CH8.CH(0H).002H + NH3. 

Since the aldehydes and ketones are easily obtained from 
the corresponding alcohols, this reaction furnishes a means of 
pr^aring the acids, OnHan(OH) (COaH), from the alcohols, 
CaHja+i(OH), of introducing carboxyl into the latter in 
place of hydrogen; this is a most important synthesis. 

4. From the glycollic cyanhydrins by saponification, e.g. 
^-lactic acid from ethylene cyanhydrin: 

OH.CHj-CH,-CN + 2HaO = OH-CHa-GHj-COaH + NHg. 

As the cyanhydrins can be readily obtained from the glycols 
(p. 198), this formation of hydroxy acids represents an exchange 
of a hydroxyl of the glycol for carboxyl, and is analogous to 
the formation of acetic acid from methyl alcohol. Thus: — 

OH-CHa-CHa-OH — OH-CHa-CHaCl 

— OH.CHa-CfHa-C&^ — OH-CHa-CHa-COall 

and CHa-OH — CHsCl — CHa-CN — CHa-COaH. 

5. By the reduction of aldehyde acids or ketonic acids, e,g, 
lactic from pyruvic acid (p. 233). This reaction corresponds 
with the formafton of the alcohols from the aldehydes or 
ketones by reduction. 

6. By the action of nitrous acid upon amino acjds (see Gly- 

cocoll); a reaction analogous to the formation of alcohols from 
amines (p. 111). • 

7. Hydroxy acids of the fatty series containkig an equal 
number of carbon atoms result by direct oxidation^ if a CH 
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gi'oup, t.«. a “tertiary” hydrogen atom, is present in the 
original acid {R Meyer, a 11, 1283; 12, 2238): 

(CH,),CH.C0^+0 = (CH^C(OH)-CX)^ 

Isobutyrio acid a-Hydroxy-Iaobutyrio acid. 

Constitution and Isomers. — As hydroxy compounds of the 
fatty acids, the acids of the foregoing series can exist in as 
many modifications as the monohaiide fatty acids. Thus there 
is only one glvcollic acid, corresponding with monochloracetic 
acid, but two lactic acids — corresponding with a- and )8-chloro- 
propionic acids — are possible, and both actually exist; they 
are designated as a- and j3-hydroxy propionic acids: 

CHg'CHCl'CO^ ^-chloro-propionic acid). 

CH3*CH(0H)*C02H (a-hydroxy-propioiiic acid or common lactic 
aci(^. 

CHjI'GHj'COaH (jS-iodo-propionic acid). 

OH-CHj'CHj'COaH (jS-hydroxy propionic acid or i 9 -lactic acid) 

From the two butyric acids can be theoretically derived : 

(a) From the normal acid : 

CHj.CHji^CHa.COjH, 

y a 

an a-, )8-, and y-hydroxy butyric acid. 

(b) From isobutyric acid : 



an a- and j3-hydroxy isobutyric acid. 

Systematic Nomenclature. — OH^CHo-CHg-COgH, Propane^- 
jUl-acid; (OHjJo • C(OH) • COoH, 2-Me{hyhproparie-2‘Ol-\~aeid; 
OH-CHg-CHg-uHj-COgH, iutane-i-oIl-oM, &c. 

The constitution of these hydroxy acids can often be deduced 
from their methods of formation. Thus the preparation of 
common lactic acid from aldehyde, CH^-CHO, according to 
method 3, shows that it contains the group CHg-CH:, “ethy- 
lidene”; it is therefore temfsd “ethvlidene lactic acid”. On 
the other hand, the formation of p-hydro&y propionic acid 
from glycol cyanhydrin, according to 4, is a proof of its con- 
taining th^ group •CHg'CHjF, “ethylene”; hence the name 
“ ethylene lactic acid ”. 

The constitution caA also frequently be deduced from a 
study of their oxidation products; if they can be oxidized, 
for instance, to dibasic acids (which contain two carboxyls), 
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then they must contain a primary alcohol group, •CH.* OH, 
since only such a group yields a new carboxyl on oxidation. 
Ethylene lactic acid is therefore a “primary” alcohol acid. 
Its isomer, ethylidene lactic acid, is similarly a “ secondary ” 
alcohol acid, while <i-hydroxy isobutyric acid is a “ tertiary ” 
alcohol acid, i.e, acid and tertiary alcohol at the same time. 

Behaviour, — 1. The double chemical character of the hydroxy 
acids will be dealt with more in detail under Glycollic Acid. 
&.S acids they form salts, esters, and amides; as alcohols they 
yield ethers, amines, &g. Of these derivatives the alcoholic 
amines of the acids, the so-called amino acids, are of especial 
interest. (See Glycocoll, p. 219.) 

2. The hydroxy acids form different kinds of anhydrides, 
viz.: (a) as alcohols (see Di-glycollic Acid); (6) one molecule 
as alcohol forms with a second molecule as acid an ester, with 
elimination of H«0 (see Glycollic Anhydride); {c) operation h 
is repeated, the nrst molecule acting as acid, and the second 
as alcohol (see Glycolide); {d) one molecule loses HgO, with 
formation of an “intramolecular” anhydride, a so-called lactmt 
(see p. 225) 

3. For behaviour upon oxidation see p. 2 1 . > and also the 
mdividual compounds. 

4. Just as the alcohols readily give up water, yielding 
olefines, so many of the hydroxy acids, especially the /?-, can 
be transferred into unsaturated monobasic acids. (See Hydra 
crylic Acid, p. 224.) 

5. When warmed with hydriodic acid, the hydroxy acids 
are reduced to the corresponding fatt^ acids, just as the 
alcohols are converted by this reagent into hydrocarbons. 

6. When the a-hydrox^ acids are warmed with dilute sul- 

e huric acid, formic acid is produced together with the alde- 
yde or ketone which would give rise to the acid, according 
to method 3. The jS-hydroxy acids, on the other hand, decom- 
pose into water and acids of the acrylic series. Thus: — 

= (3H,.CH:0 + H.C0^ 
0H.CH,.CH,-00,H = CH,:CH.COjH + H,0. 


The a-, /J-, y-, &c., hydroxy acids also differ ^from each 
other in the facility with which they form anhydrides. (See 
Lactones, p. 225.) ^ 
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Oly collie Acid, Eydffoxy-aceiic add^ Ethanolic add^ OH^CHg* 
COjH {Strecker, 1848), occurs in unripe grapes, in the leaves of 
the wild vine, &o. 

Formation, — 1. By the oxidation of glycol with dilute HNO. 
(fFwrtz). 

2. Together with glyoxal and glyoxylic acid, by the oxida 
tion of ^cohol with dilute HNOg. 

3. By the reduction of oxalic acid with Zn + H2SO4. 

4. From formaldehyde synthetically, according to method 3, 
p. 214. 

5. It is usually prepared by boiling chloro-acetic acid with 
water in the presence of marble, the marble serving to 
neutralize the HCl formed in the reaction (A. 200, 76): 

CHja-OOjH + HjO ^ OH.CHj-COjH + Ha 

Properties. — It forms colourless needles or plates, is readily 
soluble in water, alcohol, and ether, and melts at 80^. Nitric 
acid oxidizes it to oxalic acid. The alkaline salts are hygro- 
scopic, the calcium salt and the magnificent blue copper salt 
are sparingly soluble in water. K = 0‘0152. 

Derimtives. — (See table, p. 218.) As an acid, gly collie acid 
forms salts, esters — e.g. e^yl glyooUate — a chloride, glyoollyl 
chloride, and glyooUamide, all of which are readily hydro- 
lysed, some of them even on warming with water. All those 
derivatives still retain their alcoholic character. If, on the 
other hand, glycollic acid forms derivatives as an alcohol, the 
properties of the alcoholic derivatives in question are combined 
with those of an acid, since the hydroxyl of the alcoholic 
group, •OH^-OH, enters into reaction, while the carboxyl 
group remains unchanged. These derivatives are either 
ethers, such as ethyl-glyoollio acid (see table), or e.g. amines, 
such as glyooooU, and, as alcoholic derivatives, they are not 
readily hydrolysed; or they are esters il glycollic acid, as 
alcohol, e.g. aoetyl-glycoUio 'acid, CH2(0*C0-CH8)*C02H, or 
monoohloraoetio acid, CH2CI *00211 (the liydrochloric ester 
of glycollic acid), and then they are of course saponifiable 
These lat^r compounds still retain their acid character, and 
therefore form, on their part, esters, chlorides, and amides, 
which are also readily ^hydrolysed. The following table gives 
a summaiy of the more important derivatives of glycollic 
acid: — 
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Acid Derivati>«8 

Alcoholic Derivatives. 

Mixed Derivatives. 

HO-CHa-CO-ONa 
Sodium glycollate. 


NaO.CHa.CO*ONa 
Di-sodium glycollate. 
Hygroscopic; decomp, 
by HaO into Na salt 
and NaOH. 

HO.CHa-CO.OCaH, 
Ethyl fflycollate. 
Liquid, b.-pt. 160®. 

OCaHa-CHa-CO'OH 
Ethyl-glycollio acid. 
Liquid, b.-pt. 206®. 

CtH,.O.CH,.CO*OCaH, 
Ethylic ethyl-glycollate. 
Liquid, b.-pt. 152®. 

HO-CHa-CO-Cl 
Qlycollyl chloride. 
Oil ; decomposes on 
volatilizing. 

CHaa-CO-OH 

Monochloracetic 

acid. 

CHaCl-COCl 
Monochloracotyl 
chloride. Liquid, o.-pt. 
120®, of suffocating 
odour. 

HO-CHa-CO.NHa 
Glycollamide. 
Crys. M.-pt. 120®; 
does not form salts 
with bases. 

NHa-CHa-CO-OH 

Glycocoll. 

C^s. M.-pt. i^6®. 
forms salts with 
acids and bases. 

NHa-CHa-CO-NHa 

Glycocollamide. 

Crys. 


It is easy to see that the corresponding derivatives of the 
first and second vertical rows are alws^s isomeric. 

Anhydrides of Glvcollio Acid. — 1. Gly collie acid can yield 
different types of anhydrides; (1) the elimination of one mol. 
of water from the alcoholic hydroxyls of two molecules of the 
acid produces diglyoolHo aci^ 



which is obtained by boiling monochloracetic acid with lime. 
It forms large rhombic prisms, is a dibasic acid, and, as an 
ether, is not saponified when boiled with alkalis, but is decom- 
posed when heated with concentrated hydrochloric acid to 120°. 

2. Dielycollic acid loses water when heated, yielding the 
diglyooUio anhydride, 

o<ch::S>- 

3. Olyoollic anhydride, 0H*CH«*C0»0 *0112 *00211, is an 
ester, which is formed when glycollic acid is heated at 100°. 
It becomes hydrated again when boilefd with water, and may 
be regarded as an ester derived from glycollic acid acting as 
an alcohol and as an acid. 
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OHo.O.CO 

4. Olyoolide, • • , is also an ester anhydride, and 

CO • 0 • CH2 

is isomeric with 2 (and with fumaric acid). It is formed when 
sodium bromo-acetate is distilled in a vacuum. Lustrous 
plates; m.-pt. 87^ It becomes hydrated again when boiled 
with water. 


Olycocoll (Amino -ethcme add), glydne, amino -acetic add, 
NHg-OHg-COgH (Braconnot, 1820). This is the simplest 
representative of the important class of amino acids, so called 
because they are derived from the fatty acids by the exchange 
3)f a hydrogen atom of the hydrocarbon radical for an amino 
group, e.g, CH3 *00211, acetic acid; CH2(NH2) *00211, amino* 
acetic acid. 

Formation, — 1. By the action of concentrated ammonia upon 
monochloracetic acid (Heintz, A. 122, 261 ; Kraut, A. 266, 292) : 


CHjCl.OOjH + aNHg = NHj-CHa.OOjH + NH^Cl 


(cf. also B. 23, Ref. 654). Di- and triglycollamic acids, 
NH(CH2.C02H)2 and N(CH2*C02H)3, are produced at the 
same time. 

a-Chloropropionic acid in like manner yields alanine with 
ammonia (see Lactic Acid). The method is a general one 
for the production of amino acids. 

2. By boiling glue with alkalis or acids. 

3. Together with benzoic acid, by decomposing hippuric acid, 
Le, benzoyl -glycocoll, with concentrated hydrochloric acid: 

NH-CHj.COjH ^ nH,.CHj- 00^ + C,Hj.00gH. 

Properties , — Glycocoll forms large colourless rhombic prisms, 
readily soluble in water, but insoluble in absolute alcohol and 
ether. It has a sweet taste, hence the name ** glue sugar ” or 
glycocoll (yXvKvs, sweet, koAXo, glue). It melts and decom- 
poses at 236^. Glycocoll, like all the amino acids, possesses 
the properties of both an amine and an acid. It therefore 
forms salts with acids as well as with bases, e,g. glycocoll 
hydrochloride, C2H3N02*HC1, which crystallizes in prisms, and 
the characteristic copper salt, copper glycocoll, (02H4N02)j^Cu 
+ H2O, which crystallizes in blue needles, the latter being 
obtained by dissolving •cupric oxide in a solution of glycocoll. 
Most of tl)^ other amino acids also form characteristic copper 
salts of this nature, which serve for their separation. Glycocoll 
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also yields compounds with salts, and, as an acid, forms an 
ethyl ester, an amide, &c. (see table, p. 218). When heated 
with BaO it is decomposed into methyl-amine and COg, while 
nitrous acid converts it into glycollic acid (the normal reaction 
of the primary amines). With ferric chloride it produces an 
intense red, and with copper salts a deep-blue coloration. 

Ethyl amino-acetate (b.-pt. 43®/ll mm.) and nitrous acid 

yield the interesting ethyl diazo-aoetate, ••NCH-CO-OCgHg, 


from which hydrazine, NBL-NKg, and its hvdrate were first 

E repared; and from the fatter the remarkable compound, 
ydrazoic acid, N3H (Curiius; see also Di and Triazo Deriva- 
tives, Chap. LI.). 

ConstiMion (see B. 16, 2650). — Free glycocoll may possibly 
be an intramolecular salt, corresponding with the formula 

(see Taurine, p. 204, and Betaine below). The 

absence of a free COgH group in many amino-acids is indicated 
by the fact that diazo-methane is without action on many of 
them. (Z. physiol., 1914, 92, 149; Noyes and Pottery J., 
A. C. S. 1915, 37, 189.) 

Alkyl and Acyl Derivatives of Glycocoll: 


Methyl-glycocoll 
or Sarcosine, 
CHg-NHCHa 

CO-OH 


Trimethyl-glycocoll 
or Betaine, 
CHg.N(CH3)3 
CO-0 ^ 


Acetyl-glycocoll 
or Aceturic Acid, 
CH2-NH.CO.CHj 

CO. OH. 


Many of these alkyl derivatives occur as such in natural 
products, or may be obtained by the decomposition of certain 
natural compounds. Sarcosine is obtained by the decomposition 
of the complex natural substances creatine or caffeine. Betaine 
occurs in beet-root, and is present in large quantities in the 
molasses from beet-root sugar (B. 1912, 4^ 2248). It crystal- 
lizes with 1 HgO, which it readily gives up on heating. When 
heated at 293° bellUine is transformed into the isomeric methyl 
ester of dimethylaminoacetic acid, NMeg-CHg-CO.OMe; at 
higher temperatures it yields trimethylamine. If has been 
synthesized by the action of trimethylamine on monochloracetic 
acid (B. 1902, 36, 603): 

Cl.CH,.(X)OH — (CHs)3N(a).CHa.CO-OH — (CH3)3'k.CTj,.CO. 
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The substituted betaines with alkyl in the CHg group readily 
yield trimethylamine and a/3-unsaturated acids when heated, 
and it is interesting to note that such acids are often found in 
nature with tertiary amines. 

Lactic Acids {HydrcKcy-p'iypionic acids). (WislicenuSy A. 128, 
1; 166, 3; 167, 304, 346.) — As has been already mentioned, 
two isomeric lactic acids are theoretically possible, viz. a- and 
/ 8 -hydroxy-propionic acids, and both of these are known. 

The minute investigation of the different lactic acids has 
been of very great importance for the development of chemical 
theory; they were formerly held to be dibasic, and the recog- 
nition of their hydroxy-monobasic nature has materially con- 
tributed to the acceptation of the theory of atomic linking. 

The molecule of a - hydroxy - propionic acid contains an 

asymmetric carbon atom, CH 3 • OH<^qq jj and hence should 

exhibit exactly the same kind of isomerism as was met with 
in the case of active valeric acid (p. 160). 

In reality two optically active o-lactic acids are known, one 
of which is dextro (d), and the other laevo { 1 ) rotatory. These 
two acids are identical in all their properties, with the excep- 
tion of optical activity. A mixture (or compound) of the 
two in equal quantities is optically inactive, and is known as 
inactive (dl) or racemic (r) lactic acid. 

The molecule of / 8 -hydroxy-propionic acid does not contain 
an asymmetric carbon atom, and hence exists in only one 
modification, which is optically inactive. 


Modes of Formation. Fermentation Laotlo Acid. Ethylene-lactic Acid. 


1. By the regulated 1 

oxidation of J 

2. By the exchange] 

of halogen for] 
hydroxyl in J 


a-Propylene glycol, 
CHs-0H(0H)-CH30H 

a-Chloro-propionic 

acid, 

CH,.CHCl.CO-OH. 


d-Propylene glycol, 
OH.CHj.CHj.CHjOH 

jS-Iodo-propionic acid, 
CH,I.CH,.CO.OH. 


4. By action of ni-\ Alanine, 

trousa^id upon/ CHs«CH(NHs)*CO*OH. 


By the reduction \ 

of /I 


Pyro-racentic acid, 
OH,.CO.CO.OH. 


of /I CHa.CO.CO.OH. 

6. By the tactic fermentation of sugar, etc. 
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1. dl-Ethylidene-lactic Acid {Pr(ypane-2-dl-\-acid\ ordinary 
fermentation lactic acid^ CH3-CH*(0H)*C02H. Discovered by 
ScheeUy and recognized as hydroxy -propionic acid by Kolbe, 
Occurs in opium, sauerkraut, and in the gastric juice. 

Preparation . — This depends upon the so-called lactic fer- 
mentation of sugars, e.g. milk, cane- and grape-sugars, and of 
substances related to them, such as gum and starch; it is 
induced by certain species of bacteria commonly spoken of as 
the lactic bacilli. The fermentation proceeds best at a tempera- 
ture of in a nearly neutral solution, this last condition 

being attained by the addition of chalk or zinc-white to the 
fermenting mixture. The free acid can then be liberated 
from the lactate of zinc by sulphuretted hydrogen. When 
a non-homogeneous ferment {e.g. decaying cheese) is used, the 
lactic acid at first produced is readily transformed by other 
organisms into butyric acid (p. 158). 

Lactic acid is also produced in large quantity by heating 
^ape- or cane-sugar with caustic-potash solution of a certain 
degree of concentration (B. 16, 136). The relations of lactic 
acid to the sugar varieties appear, at a superficial glance, to 
be very simple; thus grape-sugar, and lactic acid, 

CjHgO^ are polymers. 

liastly, the inactive acid is produced by mixing equal quan- 
tities of the two active modifications. In syntheses the latter are 
formed in equal amounts, and hence the inactive acid is obtained. 

Properties. — When its solution is evaporated in a desiccator, 
a thick, non-crystallizing and hygroscopic syrup is obtained, 
which is miscible with water, alcohol, and ether, and which 
gradually loses water, yielding the solid lactic anhydride, 
before all the water of solution has been got rid of. 
To obtain the pure acid it is necessary to distil under very 
low pressures, when a crystalline solid melting at 18® is 
obtained. K = 0-0138. When heated, it is partially con- 
verted into the anhydride, lactide, C^H 804 , and partially into 
aldehyde, CO, and Il20. Similarly it decomposes into alde- 
hyde and formic acid when heated with dilute sulphuric acid 
to 130®, concentrated sulphuric giving rise to carbon monoxide 
instead of formic acid: 


CH3.CH(0H).(X)3H « CHj.CHO + HCOj^. 

When oxidized, it yields acetic and* carbonic acids; hydro- 
bromic acid converts it into a-bromo-propionic acid, and boiling 
hydriodic acid into propionic acid itself. 
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The inactive acid is split up into the two active modifications 
by the crystallization of the strychnine salts (Purdie and 
Walker^ J. 0. S. 1892, 754); further, when green mould, Penir 
ciUitm glaucim, is sown in a solution of the ammonium salt 
of the inactive acid, the laavo-acid is assimilated more rapidly 
than the dextro>, and the solution thus becomes optically 
active (Linossier, B. 1891, 24, 660). A very simple resolution 
has been accomplished by Purdie (J. C. S. 1893, 1143) W crys- 
tallizing the zinc ammonium salt, ZnCgH^oO^ NH4Cf3H503, 
2H2O. (Cf. Resolution of Racemic Acid.) 

A number of well-defined salts are known, e.g. Calcium 
lactate, (C3H503)2Ca + 5H2O; zinc lactate, (OjHjOoJoZn 
+ 3H2O; ferrous lactate, (C8H608)2Fe + SHgO. When 
sodium lactate is heated with sodium, di- sodium lactate, 
CH8«CH(0Na)*C02Na, which is at the same time a salt 
and an alcoholate, is formed. 

The derivatives of lactic acid are derivatives of it either as 
acid or as alcohol, and are perfectly analogous to those of 
glycollic acid (see table, p. 218). Thus ethyl-lactio acid, 
a-ethoxy-propionic acid, CH^*CH(0C2H5)*C05JJ, a thick acid 
liquid which boils almost without decomposition, corresponds 
with ethyl-glycollic acid; ethyl lactate, which can be distilled 
without decomposition, with ethyl glycollate; lactamide, 
CH3 «CH(OH)-uO*NH 9, with glycollamide; and alanine, 
CH3.CH(NH2).CO-Ofl, with glycocoll. 

By the action of PCL lactyl chloride, OH3 *01101 -CO -Cl 
(p. 177), is formed; as the chloride of a-chloro-propionic acid 
it is decomposed by water, yielding the latter acid and HOI. 

The following anhydrides of lactic acid are known : — 

(1) lactylic acid or Lactic anhydride, OgHujO., which is 
analogous to glycollic anhydride, and forms a yellow amor- 
phous mass. (2) Lactide, 0eHg04, analogous to glycolide 
(plates melting at 125®!. (3) Dilactio acid, O3H13O5, the 

Jicoholic anhydride, analogous to dielycollic acid. 

2. d-Ethylidene-lactic acid, Sarco-Takic add, parorlactic acid 
(Liebig), This occurs in the*juice of flesh, and is therefore to 
be found in Liebig’s extract of meat. It results from certain 
fermentations. Its chemical properties are exactly similar to 
those of ordinary lactic acid; thus it readily yields lactide or 
aldehyde. Its salts differ to some extent, however, from those 
of the latter; thus, the'kinc salt, + 2H2O, is much more easily 
soluble, and the calcium salt + 4H2O, much more sparingly 
soluble than the corresponding common lactates. Such differ- 
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ences are usually met with between d- and {-compounds on 
the one hand, and their r-isomeride on the other. 

3. l*£thylidene-laotic acid is obtained from the fermenta- 
tion of cane-sugar by means of the l-lactic bacillus. Its salts 
correspond exactly with the salts of d-lactic acid. They have 
the same formulae, same solubilities, &c. 

4. Eihylene-laotio acid {Propane-Z-ol-\’CLcid\ hydracrylic acid 
(W^islicenus, A. 128, 1), forms a syrupy mass. It differs from 
lactic acid (a) by its behaviour upon oxidation, yielding car- 
bonic and oxalic acids, and not acetic ; (b) by not yielding an 
anhydride when heated, but by breaking up into water and 
acrylic acid, hence the name hydracrylic acid: 

CH2(0H).CH2.C00H = CHaiCH.COOH + HaO; 

(c) in solubility, and in the amount of water of crystallization 
of its salts (e,y, zinc salt, + 4H2O, very readily soluble in water; 
calcium salt, + 2H2O). It is not so strong an acid as aJactic 
acid. K = 000311. 

It may be synthesised from ethylene by means of the fol- 
lowing series of reactions: (a) the addition of hypochlorous 
acid, (6) conversion of the chlorhydrin into the corresponding 
nitrile, and (c) hydrolysis, e,g , : 

CH,:CH, — OH.CHo-CHoa — OH.CHo.CHo.CN 
OH.CHa-CHg.COaH. 


Hydroxy-oaproic Acids. Leucine or a-Amino-caproic acid, 
CH3-0H2*CH2*CH2*CH(NH^)*C02H, is a derivative of a-hy- 
droxy-caproic. It forms glistening plates, and, like other 
amino acids, is closely related to albumen. It is found in old 
cheese, also abundantly in the animal organism in the gastric 
gland, and in the shoots of the vetch and gourd, &c. It forms, 
along with tyrosine, a constant product of the digestion of al- 
bumen in the small intestine and of the decay of albuminous 
substances, and is formed when the latter are boiled with alkalis 
or acids. It has also been prepared synthetically. It closely 
resembles glycoc^ll, and forms a characteristic sparingly soluble 
blue copper salt. Leucine is dextro-rotatory. A Isevo- and an 
inactive modification are also known (B. 24, 669). 

Le Sueur (J. C. S. 1904, 827 ; 1906, 1888) has prepired several 
hydroxy derivatives of the higher fatty acids, e,g. o-hydroxy- 
mar^ric and a-hydroxy-stearic acidsf and has found that a 
gooa yield (36-60 per cent) of an aldehyde can obtained 
when the acid is heated to 240-250''. The molecule of the 
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aldehyde so obtained contains a carbon atom less than the 
molecule of the hydroxy acid, and water, formic acid, carbon 
monoxide, and a lactide are obtained as by-products. 


LACTONES 


All hydroxy acids tend to lose water under certain con- 
ditions, yielding anhydro-compounds. 

The manner in which this water is eliminated is very 
different in the various types of hydroxy acids. 

1. In the case of the a-hydroxy acids, 1 or 2 mols. of watei 
are usually eliminated from 2 molecules of the acid, yielding 
compounds of the type of diglycollic acid, glycollic anhydride, 

&C. 

2. In )8-hydroxy acids 1 molecule of water is usually elimi- 
nated from 1 molecule of the acid, and an a-/3-unsaturated acid 
is formed, t.g , : 

CH 3 *CH(OH)-CH 2 -OOjH — ♦ GHg^CHrCH^OOsH (crotonicacid). 


3. In the case of y-hydroxy acids, e.g, y-hydroxy-butjrric 
acid, OH'CHa-OHj-CHn^COjH, 1 molecule of water is elimi- 
nated from 1 molecule of the acid, and an inner anhydride or 
lactone is formed, 


CHj'CHjN. 

CHj.OO 


= butyro-lactone or butanolid. 


The formation of such a lactone is characteristic of y-hydroxy 
acids. Many of these acids are so unstable in the free state, 
that when mineral acid is added to their salts the lactones and 
not the free acids are obtained. 

The “y-lactones” are for the most part neutral liquids of 
faint aromatic odour, readily soluble in alcohol and ether, and 
distilling without decomposition. They dissolve in alkalis, 
vielding the salts of the corresponding hydroxy acids, and form 
brominated fatty acids with i^r, and amino acids or amides 
of y-hydroxy acids with NHg (B. 23, Eef. 234). 

^ and jS-, but only a few o-lactones, from 8-, )8-, and o-hy- 
droxy acids, are also known. They show marked differences 
in the ease v(ith which they are formed and in their stability, 
the y-lactones being the most stable. (For orLactones, see & 
1891, 24, 4070; for jS-, B. 1897, 30, 1964.) 

The formation of lactones by warming the isomenc unsatu- 
rated acids, which contain the double bond in the 
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13^ or y-8 position, with HBr or with moderately concentrated 
H^ 04 , is worthy of note, e.g . : 

R • CH 5 CH • CHj • OOjEC 

(For details, see FiUig and his pupils, A. 208, 37, 111 ; 216, 
26; 266, 1, 276; 266, 60; 268, 110.) 

The reaction is generally regarded as the addition of HBr 
or HgO to the douhle bond, and then the elimination of the 
Br or OH in the y-position with the H of the carboxyl group. 

B. Polyhydrlc Monobasic Acids 

Just as glycol on oxidation can yield the monohydroxy 
monobasic acid, glycollic acid, so the polyhydric alcohols on 
careful oxidation with nitric acid can yield polyhydroxy 
monobasic acids, e,g.: 

OH.CH,*CH(OH)-CHj.OH — OH.CHj.CH(OH)-OOjH. 

They are usually designated according to the number of 
alcoholic hydroxyl groups present. This number can be 
determined by converting the acid, or better, its ester, into 
the acetyl derivative, and estimating the number of acetyl 
groups by analysis or by hydrolysis (p. 20l>). 

In none of these acids do we find more than one OH group 
attached to the same carbon atom. All have the properties of 
monobasic acids and, in addition, the properties of polyhydric 
alcohols. Those which contain a hydroxyl group in the 
y-position yield lactones. 

Most of the compounds belonging to this class either crys- 
tallize badly or are gum-like. A number of these acids are 
formed by the cautious oxidation of the sugars or of the 
unsaturated acids, CnHaa.aO, (see p. 168). 

L DIHYDROXY MONOBASIC ACIDS 

Olyoerio acitf (Pf^n«-2:3-dioM-acW), OH»CH«*OH(OH)* 
COoH, is a syrupy liquid which is obtained by the cautious 
oxidation of glycerol. The molecule contains ai^ asymmetric 
carbon atom, the artificial acid is optically inactive, but a d- 
and an 2-modification are known {FraMand^ J. C. S. 1891, 96). 

Various communds obtained from natural sources are closely 
related to the dihydroxy acids, via, serine, a-amino-)8-hydroxy 
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propionic acid, obtained by boiling silk glue with dilute acids; 
omiihine, aS-diamino-valeric acid; and lysine, oc-diamino- 
caproic acid, obtained by the hyd^lysis of casein. 

11. TETRA- AND PENTAHYDROXY MONOBASIC AOIDS 

The tetra- and pentalnrdroxy acids, e,g, OH • CH^ • (CH • OH )3 • 
COgH and OH •CH^* (OH* 06 ) 4 * 00211 , are of particular im- 
portance, on account of their close connection with the simple 
sugars. They are obtained either by the cautious oxidation 
of the corresponding sugars, e,g, by means of bromine water: 
or b^ the reduction of the corresponding dibasic acids (sac- 
charic acid, &c.); or, lastly, by the addition of hydrocyanic 
acid to the polyhydroxy aldehydes or ketones, just as lactic 
acid is formed from aldehyde. Conversely, the acids, in the 
form of their lactones, are on the one hand reconverted into 
the sugars by reduction with sodium amalmim ; while, on the 
other hand, they are oxidized by nitric acid to the correspond- 
ing dibasic acids. 

The acids are named according to the sugar to which they 
are related ; Aj:abinose — *■ Arabonic Acid, 

Glucose — ► Gluconic Acid. 

(See Sugars, p. 310, Ac.) 

Some of the acids are known in the form of their lactones 
only. The phenyl-hydrazones are frequently made use of for 
their isolation. 

A number of different acids, e,g, mannonic, gluconic, gulonic, 
galactonic, and talonic acid, have been obtained by the oxida- 
tion of the hexoses (p. 318) and by other methods. Inves- 
tigation has shown that those acids all possess the same 
structural formula, 

OH.CHa.OH(OH).OH(OH).OH(OH).OH(OH).0O2H, 

which is seen to contain 4 distinct asymmetric carbon atoms. 

The acids are thus stereo-isomeric; their differences depend 
on the arrangement in space *of the different radicals (cl the 
Monosaccharoses, Chap. XIV, A.). 

The number of stereo-isomerides possible is the same as for 
the sugars ^the corresponding aldo-hexoses), viz. eight pairs 
of optically active isomerides and eight racemic compounds. 
Most, but not all, of these have been obtained. 

Three extremely important methods have been employed 
(mainly by E. Fischer) for the preparation of these acids: — 
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1. Oxidation of the corresponding aldehyde (a sugar), e,g. 
ordinary glucose when care^ly oxidized with chlorine- or 
bromine-water yields (^-gluconic acid: 

0H.CH,.(CH.0H)4.CH:0 — 0H.CHj.(CH.0H)4.00.0H. 


2. From a stereo-isomeric acid by intramolecular transfor- 
mation under the influence of high temperature, and generally 
in the presence of an organic base, e.g. d-gluconic heated with 
quinoline and water yields (f-mannonic ; galactonic — talonic. 

The reaction is a reversible one, and hence the final product 
is a mixture of the two acids, which can be separated by the 
difference in solubility of certain of their salts. 

3. The addition of hydrogen cyanide to a polyhydric alde- 
hyde or ketone and subsequent hydrolysis, e,g . : 


OH.CHi(CH.OH)..CHO OH.CH^(CH 
— OH-CHj.(GH.OH)3.dH(OH 


.OH^^(OH).CN 


It is obvious that an additional ^mmetric carbon atom is 
introduced by the addition of the fifCN, and thus a mixture 
of two stereo-isomeric nitriles is formed, and on hydrolysis a 
mixture of two stereo-isomeric acids, e,g . : 




This reaction is somewhat similar to the addition of HCN 
to acetaldehyde, the main difference is that the original com- 
pound is optically active, and hence its molecule is asymmetric. 
By the addition of HGN two compounds are obtained, as a 
rule not in equal amounts, both of which are optically active, 
but do not stand in the relationship of object to mirror image. 

Nef (A. 1914, 403, 204) has made a careful examination of 
hydroxy acids and of the a, and y lactones derived from them. 


C. Hydroxy Aldehydes 

As examples, Ve have glyoollio aldehyde, OH-CHa-CHiO, 
aldol, 0H3*CH(0H)-CH2-CH:0 (see p. 137), and glyceric 
alde^de, OH*GH 2 *CH(OH) GH : 0. The last-^jamed is con- 
tained in glycerose, a product obtained by oxidizing glycerol 
with bromine water. Alkalis convert it into a mixture of sugars, 
(see a-Acrose). (For further examples of hydroxy 
aldehyaes and ketones, cf. Monosaccharoses, Ghap. XIV, A.) 
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D. Dialdehydes 

Olyoxal (Ethan^iaJ)^ OHO-CHO (Debus^ 1856), is formed 
by the careful oxidation of alcohol, or better, of aldehyde; it 
possesses all the characteristic properties of aldehydes; one 
molecule of the aldehyde is capable of combining with two 
of hydrogen cyanide or of sodium hydrogen sulfite. 

E. Diketones 

1 . Diacetyl, BtUane^ione^ ordikeUhiutcme^ CHg«CO* 0 O«CH 3 , 
b.-pt. 87®-88®. This can be prepared boiling iso-nitroso- 
methyl acetone, CHp*C(:N*OH)»CO*CBL a product obtained 
by the action of nitrous acid on methyl ethyl ketone, with 
dilute H 2 SO 4 , when the oximino group is replaced by oxygen. 
It is a yellow-green liquid, its vapour having the colour of 
chlorine, and an odour similar to that of quinone (v. Pechmann^ 
R 20, 3162; 24, 3594; and his pupils, A. 249, 182). 
Seduction converts it into dimethyl-ketoL Homologues are 
known (cf. B. 22, 2115). 

2 . Acetyl-acetone, CHg*CO«CHg*GO*CHs, is formed by 
the action of aluminium chloride upon acetyl chloride and sub- 
sequent decomposition of the aluminium compound, or better 
(B. 22, 1009), by the action of sodium upon a mixture of 
ethyl acetate and acetone (see Aceto-acetic ester synthesis, 
p. 232) ; 

CHj.OO.OCgHg + CHg.CO.CH. 

= CH,.CX).CHg.C0.CH3 + CgH 50 H. 

It is a liquid which boils at 137^ 

3. AoeUinjl-aoeUinej 2:6‘diketo-hexaney CHg-CO-CHn-CHj* 

CO * 0113 , may be prepared from monochlor-acetone and ethyl 
aceto-acetate (B. 17, 2756); also from diaceto-succinic ester 
(B. 22, 168, 2100). It is a liquid of pleasant odour, and 
boils at 188®. , 

These three compounds are the simplest Tepresentatives of 
the a-, /3-, and y-diketones, or of the 1:2-, 1:3-, and 1:4-^- 
ketones, ie. of those diketones whose carbonyl groups are 
either nexlf to one another (o-position), or separated by one 
carbon atom ()3-po8itioi}), or separated by two (y-position). 

As diketones they yield mono- and dioximes, and also 
mono- ^^nd *dihydrazones. Such dihydrazones, and also those 
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from the dialdehydes, are termed osazones, e.g» diaoetyl 
osazone. 

CeH*.NH.N:CM:e.CMe:N.NH.OeHj. 

Osazones are also formed by the action of phenylhydrazine 
on polyhydroxy aldehydes or ketones, e.g, glucose and fructose, 
an atom of oxygen being at the same time taken up; they are 
mostly yellow in colour (cf. the phenyl-hydrazine compounds 
of the carbohydrates). 

The diketones show the most varied behaviour on condensa- 
tion. By the action of alkali on the cMliketones, they yield 
benzene derivatives (see Quinone); the )8-diketones readily 
pass into p^razole and isoxy-azole derivatives, and serve for 
the synthesis of derivatives of quinoline; while the y-diketones 
are easily converted into derivatives of pyrrole, furane, and 
thiophene, and the 34iketones into derivatives of pyridine and 
tetrahydrobenzene. 

The constitution of the above compounds is usually deduced 
directly from their mode of formation, but as certain of them 
react as tautomeric substances (cf. Ethyl Aceto-acetate) special 
physical methods have also been used (cf. W. H, Perkin^ J. C. S. 
1892, 800). 

F. Aldehydie Monobasic Acids 

Olyoxalio acid {Ethaml acid)^ glyoxylic acid^ CHO *00211, 
occurs in unripe fruits such as grapes, gooseberries, &c., and 
may be prepared by superheating dichloracetic acid, CHC 12 * 
CO 2 H, with water, 201 being here exchanged for 2 (OH), and 
water being eliminated. It crystallizes in rhombic prisms, 
dissolves r^ily in water, and is volatile with steam. The 
acid and most of its salts contain one molecule of water of 
crystallization, which points to the formula 0 H( 0 H) 2 * 002 H, 
analogous to that of chloral hydrate. 

Olyouronio acid, OHO.[OH(OH)]4.002H. The lactone of 
this acid forms colourless ciystals, which melt at about ITC"". 
The acid itself is obtained from saccharic acid by reduction 
with sodium amalgam. It is found as a camphor compound in 
the urine of dogs mter camphor is administered to them. 

t> 

G. Monobasic Ketonie Acids 

r 

Ketonio adds are comTOunds wliich contain botb a carbonyl 
and a carboxylic group; they react as acids, and also as ketones ; 
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thus, besides being carable of forming salts, esters, &c., they 
also combine with soaium bisulphite, yield oximes with hy- 
droxylamine hydrochloride (see p. 141 ), are reduced by nascent 
hydrogen to hydroxy acids, ana so on. The most important 
members of this class are pyroraoemio acid, 
aoeto-aoetio acid, CH. • CO • CH, • CO«H, and Issyulio add, 
Om.CO.CHj.CH«.CO,H. 

Constitution ani liommilature, — The ketonic acids are charac- 
terized theoretically by the presence of carboxyl and of car- 
bonyl, the latter being linked to carbon on botn sides. They 
may be regarded either as fatty acids, in which a hydrogen 
atom of the alkyl group has been replaced by acyl, B*CO*, as 
indicated in the name aceto-acetic acid; Isevulic acid is then 
)3-aceto<propionic acid, and pyroracemic acid is aceto-formic 
acid; or they may be regardea as derived from the fatty acids 
by the replacement of the two hydrogen atoms of a CH^* 
group by an atom of oxygen. 

In the latter case aceto-acetic acid is to be designated 
P-ketohutyric udd^ or butane-Z-meA,-acid, This last is the sys- 
tematic name (Geneva Congress); the expression one indicates 
the presence of a ketonic group, and the number indicates the 
relative positions of the ketonic and carboxylic groups. 

The constitution of a ketonic acid is, as a rule, easy to deter- 
mine, either from its synthesis or from its transformation into 
the corresponding hydroxy acids of known constitution by 
means of nascent hydrogen. 

The ketonic acids are usually divided into a, and y, or 
1, 2, and 3 ketonic acids, according to the relative positions of 
the carbonyl and carboxylic groups. CHg-CO-COoH, pyro 
racemic or pyruvic acid, is a type of an oxacid; CHg^UO* 
CHj *00211, aceto-acetic acid, is a type of a jS-acid; and 
OHg'CO-CHj'CHg'COjH, lasvulic acid, is a type of a y-acid. 
The a- and y-acids are relatively stable; many can be distilled 
without undergoing decomposition ; but the )3-acids are remark- 
ably unstable, and readily lose carbon dioxide, yielding ketones. 
All the ketonic acids on careful reduction yield hydroxy acids 

Modes of Formation. — 1. o-Ketonic acids we formed when 
the acyl cyanides are hydrolysed (Claisen and ShadwM) (cf 
p. 185 and^B. 1898, 31, 1023): 

CHa-CJO-CN + gHjO = NHg 

Acetyl-cyanide Pyroraoemio aold. 

e 

Tbe constitution follows from this method of fomiAtion. 
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2. Aceto-acetic and other ^-hetonic acids are obtained aa 
esters by the action of sodium or sodium ethoxide on ethyl 
acetate and its homologues: 

8(CH,.OO.OC,Hj) = CaB[,.C0-CH,.00-0C^, + C,H*OH. 


According to Claisen and Lomian (B. 20 , 651; 26 , 2130; 
38, 713), the ethyl acetate is first converted by the sodium 
ethozide into an additive compound: 


a derivative of ortho-acetic acid (p. 148), which then reacts 
with another molecule of ethyl acetate, thus: — 


✓I’OEt I I 

CHa • C^iOEt'^H^iCH • 002Et=CH3 • C(ONa) :CH • COaEt + 2EtOH 
^ONa 


CH3.0(0H):CH.CX)2Et — CH3.C0.CH2-C02Et. 

From the sodium salt thus obtained, the aceto-acetic ester 
can be liberated by acetic acid, probably first as the enolic 
compound, which is immediately transformed into the ketonic. 
Cf. B. 1903, 86, 3674; 1905, 38, 709; 1908, 41, 1260. 

As shown in the above formation of aceto-acetic ester, one 
molecule of ethyl acetate reacts with a second molecule. Many 
reactions of an analogous nature, in which the two reacting 
molecules are diiferent, may be brought about in the same 
way by the aid of sodium ethoxide {W, WislicenuSy A. 246, 306). 
Thus ethyl oxalate and ethyl acetate react in the presence of 
sodium ethoxide, yielding the sodio derivative of ethyl ozal- 
aoetate (cf. B. 1900, 33, 2670): 


002Et.(X).dEt+HCH, = OOaEt.CO-CH2-CX)2Et+ EtOH. 


Esters also readily react with ketones, with the formation of 
diketones (L. Clamn)-. 

GHa'OO'OEt *4“ CHa'OO'CHa ss* tJJla'CO^UJria'CO'OJia EtOH 

' Acetyl-acetone. 

When ethyl formate is employed, ketonic aldehydes are not 
obtained, but their structural isomers, hydroxy-methylene 
compounds; with acetone, for example, hydroxy-methylene- 
acetone, thus: — ^ 

H-CXJ.OC^+CHj.OO.CH, = CH(OH):CH.<X).Crf,-l-C,Hj.OH 
ntbjl formate Sydroxy-metbylene-aoetone* 
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This condensation between esters, or between esters and 
ketones, in the presence of sodium ethoxide is usually known 
as ClaiserCs reaction, and is of extreme importance as a synthe- 
tical process. (For summary, see B. 1905, 38, 709.) 

In all cases, according to Claise% the condensation is pre- 
ceded by the formation of an additive compound between the 
sodium ethoxide and the ester. As a rule, metallic sodium 
and not sodium ethoxide is added to the ester {e,g, to ethyl 
acetate in the preparation of ethyl aceto-acetate), but the 
reaction only proceeds when the ester contains free alcohol, 
and can thus give rise to the ethoxide. Eecently (B. 1905, 
38, 693) the same chemist has shown that sodamide, Na^NH^, 
may be used in place of sodium ethoxide. 

Michael (B. 1900, 33, 3731, and 1905, 38, 1922) considers 
that the Claisen condensation proceeds in a different manner, 
and that it may be compared with the aldol condensation. 
Compare also Stoermer and Kippe (B. 1905, 38, 1953). 

3. Higher homologues of aceto acetic ester ()3-ketonic acids) 
are easily obtained from it by the action of sodium ethoxide 
and alkyl halides (p. 236). 

4. Ketonic acids are produced bv the cautious oxidation of 
hydroxy acids containing the secondary alcoholic group: 

CH8-CH(0H).C0.0H + 0 = CHs-OO.CJO-OH + HjO 

Laotio aold Fyroracemlo acid. 

a-Ketonio Aoids.~-PyTUvio or pyroraoemic acid, CH.»CO« 
COnH, is a liquid which is readily soluble in water, alcohol, 
and ether, boils with slight decomposition at 165®-170®, and 
smells of acetic acid and extract of beef. It is formed by the 
dry distillation either of tartaric or of racemic acid, hence its 
name. 

In this decomposition carbon dioxide is probably first 
evolved and glyceric acid formed: 

;OOa;H.(m(OH).CH(OH).TO^ — CHj(OH).CH(OH).OOJB. 

This then loses water, yielding pyruvic acid. 

It may also be obtained by methods 1 and 4. 

Pyroracejpic acid has a tendency to polymerize. Nascent 
hydrogen reduces it to ethylidene-lactic acid: 

CH8-00-008H + 2H = CH8.CH(0H).00,H. 

It is a relatively strong acid owing to the negative nature 
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of the CO group, K = 0*66. It reacts as a ketone with 
phenyl-hydrazine, hydroxylamine, and hydrogen cyanide. 

The phenyl-hydrazone crystallizes re^ily, melts at 190® 
when quickly heated, and is largely made use of in detecting 
the acid. The acid also resembles the ketones in the readiness 
with which it forms condensation products, yielding either 
benzene derivatives (B. 6 , 966), or — in presence of ammonia — 
those of pyridine. 

The electrolysis of a concentrated solution of the potassium 
salt proceeds in the normal manner, the CHg-CO-COO* 
grou^ formed at the anode yield diacetyl and carbon dioxide 
(cf. Electrolysis of potassium-acetate solution), but secondary 
reactions also occur, and acetic acid is formed. 

)3-Eetonio Aoids.-— Aoeto-aoetio acid, CHg-CO-CHg-COgH, 
is a strongly acid liquid, miscible with water, and breaking up 
into acetone and carbon dioxide when warmed. It is prepared 
by the cautious hydrolysis of its ethyl ester (B. 16, 1376, 1871). 
Its aqueous solution is coloured violet-red by ferric chloride. 
The Na- or Ca-salt is sometimes contained in urine (B. 16, 
2314). Its constitution as acetone -carboxylic acid follows 
from the products of decomposition. 

The ethyl ester, ethyl aceto-acetate, or aceto-acetic ester, is 
prepared by the Claisen condensation (general method 2). It 
18 liberated from the sodium derivative by the addition of 
acetic acid, and purified by distillation under reduced pressure. 
It boils at 181®, or at 71® under 12*6 mm. pressure, is only 
slightly soluble in water, but readily in alcohol and ether, and 
has a pleasant fruity odour. Ferric chloride colours its aqueous 
solution violet-red. Extremely characteristic are the products 
to which it can give rise on hydrolysis. 

1. Normcd Hydrolysis , — As an ester, it can be hydrolysed to 
the correspondi^ acid and alcohol, viz. aceto-acetic acid and 
ethyl alcohol. This reaction occurs only when it is extremely 
carefully hydrolysed in the cold with dilute alkali. 

2. Ketonic Hydrolysis . — This hydrolysis is best accomplished 
by the aid of dilute sulphuric acid or baryta water, 

CH8.00.0Hg:CXX)|C^5 

the products being acetone, carbon dioxide, and ethyl alcohol. 
It twes place also when the ester is heated with a little water 
at 200® (A. 1913, 398, 242). 
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Z. Add Hydrolysis , — ^This takes place most readily when the 
ester is heat^ with concentrated alcoholic potash or soda, 

CH,-CX)! .CHj.OOOiCoHj 
HOiH HiOBL 


the products being acetic acid and ethyl alcohol 

Etlwl aceto^cetate has been represented by the formula 
OHj-CO-CHo-COgEt, and undoubtedly numerous arguments 
can be brougnt forward in favour of this constitution ; e,g, it 
reacts with acid sodium sulphite, with hydrogen cyanide, and 
with hydroxylamine as a ketone, and hence should contain 
the 0 *U 0«0 group; a further argument for the ke tonic con- 
stitution is to be found in the decomposition of the acid into 
acetone and carbon dioxide ; on the other hand, with ammonia 
or amines it gives jS-amino-, or substituted ^-amino-crotonic 
acids, e,g, OH 3 • CH(NH«) : CH • COjH, and with phorohorus 
pentachloride it yields jS-chloro-crotonic acid, CH 3 *CCfI:CH» 
COgH. These latter reactions could be most readily explained 
by assuming the constitution CHg- C(OH) : CH • COgEt, i,e, ethyl 
jS-hydroxy-crotonate for ethyl aceto-acetate. The ester is thus 
a typical tautomeric substance, reacting as though it possessed 
two distinct constitutions, and a study of the chemical proper* 
ties alone will not, as a rule, permit us to settle with certainty 
which of the two is the more probably correct. 

The following suggestions nave been made to account for 
the tautomerism: — 

(а) The ester is really a mixture of the two distinct com- 
pounds. 

( б ) The pure ester is unstable, and although it may have 
the one constitution, e,g, ethyl aceto-acetate or ketonic con- 
stitution, in the presence of various reagents it is readily 
transformed into the isomeric compound with the enolio con- 
stitution, i,s, ethyl j 8 -hydroxy-crotonate. This type of tauto- 
merism is thus often spoken ot as keto-enolio tautomerism, 
and is frequently met with (see Phloroglucinol, &c.). Accord- 
ing to this view, it consists *m the wanderifig of a hydrogen 
atom and a change in position of a double bond (desmotropism). 


• ^.C.CH< — ^.0(OH):C< 

6 t ^ 

(c) Accotding to Vm Laar, the tautomerism is due to an 
osciUatoiy hydrogen atom, which cannot be regarded as per- 
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manently attached to C or to O, but as continually oscillating 
between the two. 

Physical methods have been used for elucidating the consti- 
tution of such compounds. The most important of these are 
the molecular refraction {Oladstone, Briihh^ the molecular mag- 
netic rotation {W, H. Perkin^ Sen.^ J. U. S. 1892, 800), and 
the absorption of electric waves (Drude^ R 1897, 30, 940). 
[Compare chapter on Relationship between Physical Properties 
and Chemical Constitution.] The conclusions arrived at from 
such a study are (a) that ethyl aceto-acetate is a mixture in 
chemical equilibrium of the ketonic and enolic forms, but con- 
sists mainly of the ketonic compound, and (b) that a rise of 
temperature favours the ketonic form. (See also Baly and 
Desdh, J. C. S. 1904, 1029; 1905, 766.) 

The metallic derivatives are enolic compounds. 

1 . Ethyl Aoeto-aoetate as a Synthetical Reagent. — One 
atom of hydrogen in the aceto-acetic ester molecule is readily 
replaceable by metals (Oeuther; Conrad^ A. 188, 269). The sodio 
derivative is formed together with hydrogen on the addition 
of sodium, and also when an alcoholic solution of the ester 
is mixed with the calculated amount of sodium ethoxide in 
absolute alcohol: 

CH,.00-CHNa-00aEt or CH 8 *C(ONa):CH.(X)aEt. 

This sodio derivative forms long needles or a faintly lustrous 
loose white mass. The copper salt crystallizes in bright-green 
needles. 

The sodium is readily replaced by alkyl radicals when the 
sodio derivative is heated with an alkyl bromide or iodide; 
sodium bromide or iodide is thus formed together with alky- 
lated aceto-acetic esters, which are of great interest in various 
^ntheses, e.g.\ ethyl meihylaoetoaoetate, CH 3 *CO*CH(CH)^> 
CO 2 C 2 H 5 , and the corresponding ethyl- and propyl-aoetoaoeno 
estws, &c. In these compounds the hydrogen atom of the CH 
^up may be aptin replaced by Na^ and this again substituted 
oy alKjirl, with th4 production of dialkylated aceto-acetic esters, 
dmethylaoetoacetio ester or ethyl dimethylacetoacetate, 
CH.* CO *0(0113)2 *00202115; meihyleihylaoetoajsetic ester, 
Cm*OO.qOH 3 )(O 2 H 5 )*d 02 C^H 5 , and so on. 

l^ese alkylated aceto-acetic esterj exactly resemble the 
mother substance, especiallv in the manner in ,ivhich they 
can be decomposed by eitW the ** ketonic hydrolysis” or 
the **acid hydrolysis” (cf. p. 235). The formation of ketone 
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largely predominates when dilate acid is employed, and of 
fatty acids when concentrated alkali is used. 

In the ketonic hydrolysis the alkyl groups introduced are 
left attached to a carbon atom of the acetone molecule, Ay. : 

C!H,-00-Cl^^ “ EtOH + 00, + CH,.CX)-CHMeEt. 

This affords a very general method for the synthesis of some 
of the higher ketones. 

In the acid hydrolysis the alkyl groups remain attached to 
a carbon atom, which is united to a carboxylic group, e,g . : 

= CH,.00,H + CHMe,.00,H + EtOH. 

This affords a simple method for synthesising any mono- or 
dialky lated acetic acid, e,g.i OHa^CHo-COS; 0«Hr*CBL* 
COgH; (CH8)(02H5)0H.C02H; (CH8)(C8Hr)pH.C08H. (Of. 
Ethyl malonate synthesis, p. 245: also trislicenus and his 
pupils, A. 186, 161.) 

2. Acyl groups may be introduced in place of alkyl radi- 
cals into aceto^cetic ester by similar methods, e,g, from ac^l 
chloride, diaceto-acetio ester, (CH8*CO)2CH*COoC2H5. The 
product obtained varies with the conditions. Wnen an acyl 
chloride reacts with the sodio-derivative of ethyl acetoacetate 
the chief product is the C-acyl derivative, viz. (CHj-CO) 
(R«C 0 )CH-C 02 Et, but when tne free ester is treated with 
an acyl chloride in the presence of pyridine the isomeric 0-acyl 
derivative is obtained, e,g, R*C0*0*C-CMe:CH*C02Et. The 
O-derivatives, when heated or when warmed with potassium 
carbonate, are transformed into the isomeric C-compounda 
Ethyl chlorocarbonate and the sodio-derivative yield the 
0-derivative OHg • C(0 • C02Et) : CH • COgEt together with a 
small amount of the C-derivative, aoeto-malonio ester, (CHg* 



cinic acids, and also the Synthesis of dibasic acids), &c. 

3. Iodine acts upon sodio-aceto-acetic ester, yielding diaceto- 
suooinic ester: 


CHj-OO.qpNa.OOjCjHj CHj.OO-CH.COjCjHft 

+ Is = JL +2NaI 

CH^.OO.CHNa.OOjCjHj CHj-OO.CH.OOjCjH* 
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4. In addition to the above-mentioned simple syntheses, a 
number of more complex syntheses may be effected by means 
of ethyl acetoacetate. Many of these lead to the formation of 
closed-chain compounds, and will be described in connection 
with the various groups of ring compounds. The following 
may be mentioneo as the more important: — 

(a) HarUzscKs synthesis of pyridine derivatives, e.g. ethyl 
dihydroooUidine dioarboxylate. 


by heating ethyl acetoacetate with aldehyde ammonia. 

(i) The formation of oxyuvitio acid (a benzene derivative), 
CaH2(CH8)(0H)(C02H)2, by the action of chloroform on the 
sodio4erivative. 

(c) The formation of methyluraoyl by the condensation of 
ethyl acetoacetate with urea, 

I EtQ«OON>^xT 


(See p. 297 and Synthesis of Uric Acid, p. 301.) 

(d) The production of furane and pj^ole derivatives by 
heating ethyl diacetosuccinate (see Synthesis 3) with acids 
or with ammonia and amines. 

(s) The synthesis of 


GMe:N 

CH, .00/ ® ® 

Phenylmethylpyrazolone 


, CMe.NMev^, 

CH — 

Pbenyldimethylpyrasolone 


by the condensation of ethyl acetoacetate with phenylhydra- 
zine and methylphenylhydrazine respectively. 

Chlor- and dionlor-aoeto-acetio esters, which are very active 
chemically, are produced by the replacement of the n of the 
methylene group by Cl. The two methylene hydrogen atoms 
are also replaceable by the isonitroso group, (by the 

action of N^Oo), and by the imido group, :NH (cf. A. 226, 
294; B. 28, 268?\ 

Lssvulio acid, UH8.C0*CH2*GH2.C02H, forms crystalline 
plates, melts at 33^ and boils at 239°. It is formea by the 
action of acids upon cane-sugar, Isevulose, cellulose, gum, 
starch, and other carbohydrates (A. 176, 181 ; 206, 207), and 
has also been prepared syntheticaUy.*^ (For its constitution, 
cf. A. 256, 314.) It is employed in cotton print&g and for 
the preparation of anti-themune, 
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Dibasic acids are those which are capable of forming two 
series of salts, viz. acid and normal, and likewise two series of 
esters, chlorides, amides, &c. They are characterized by the 
presence of two carboxyl groups in the molecule. 

A. Saturated Dibasic Acids, C„Hto- 204 , or Acids 
of the Oxalic Series 


Name. 

Fommla. 

Melting*pt 

K. 

Oxalic 

Malonic 

Succinic 

Glutaric 

Adipic 

Pimelic 

Suberic 

888888 8 

CX)aH 

CHj* 

CH2. 

CHj 

■CH^ 

C!0,H 

,.CO,H 

3-COjH 

i-COjH 

j.COjH 

/ Sublimes \ 

\ 160°-160® / 

132“ 

186“ 

97*6“ 

149“ 

105“ 

140“ 

10-0 

0*016 

0*0066 

0*0047 

0*00371 

0*00323 

0*00268 


The above are solid crystalline compounds of strongly acid 
character, and most of them are readily soluble in water. 
When heated, they either yield an anhydride, or carbon di- 
oxide is eliminated and a monobasic acid formed; but most of 
them can be volatilized in vacm. 

Formation, — 1. By the oxidation of the di-primaiy glycols. 
(See table, p. 212.) 

la. By the oxidation of hydroxy-acids and, generally, of 
many complex compounds, such as fats, fatty acids, and carbo- 
hydrates. 

2. By the hydrolysis of the corresponding nitriles; thus, 
oxalic acid is formed from cyanogen, and succinic acid from 
ethylene cyanide: 

(CN)o + 4Hp = (COoH)«-f 2Ne.. 

CN.(CH8)j.GN-f.4HaO = + 2NH,. 

Since ethylene cyanide is a glycol derivative, its conversion 
into succinic acid represents the synthesis from a glycol of an 
acid containing two aftims of carbon more than itself, i.e. the 
excaange t>f 2 (OH) f r 2(C02H), or the indirect combination 
of ethylene with 2(COaH). 
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3. By the hydrolysis of the cyano-fatty acids 176), and 
consequently from tne halogen fatty acids also. Thus chloro- 
or cyano-acetic acid yields malonic acid; jS-iodo- (or cyano-) 
propionic acid, common succinic acid; and a-iodo- (or cyano>) 
propionic acid, methyl malonic acid. 

A dibasic acid can therefore be formed from each hydroxy- 
acid by the exchange of OH for COgH, or indirectly from a 
fatty acid by the re^j acement of H by COgH. Thus: — 

4. The homologues oi malonic acid can be prepared from 
malonic acid itself by a reaction exactly analogous to the aceto^ 
acetic ester synthesis (the “Malonic ester synthesis ”, p. 245). 

The dibasic acids are also obtained by means of the aceto- 
acetic ester synthesis. Aceto-malonic and aceto-succinic acids, 
which have already been mentioned at p. 237, yield respec- 
tively malonic and succinic acids by the elimination of acetyl 
(“icid decomposition ”). 

5. Higher homologues are obtainable by the electrolysis of 
the ethja potassium salts (p. 242) of the simpler dibasic acids, 

adipic acid from potassium ethyl succinate. 

The reaction is exactly analogous to the formation of ethane 
by the electrolysis of potassium acetate. For example, with 

potassium ethyl succinate the anions COgEt-CHg-CHg-COg* 

and kations K are present. When these become disch^ed at 
the electrodes during electrolysis, each COgEt*CHo*CB^*COn 
splits vm into carbon dioxide and the monovalent radical 
COgEt^OHg^CHg*. Two such radicals then combine, yielding 
ethyl adipate, C02Et • CHg • CHg • CHg • OHg • COgEt. The potas- 
sium formed at the cathode reacts with the water, yielding 
hydrogen and potassium hydroxide. 

The constitution of the acids CaHja -.904 is, as a rule, very 
easy to determine from the above-mentioned modes of for- 
mation, especially^ 2, 3, and 4. ‘According to these, one has 
to decide oetween the malonic acids proper, ie. malonic acid 
and its alkyl derivatives (p. 245), whose two carboxyl groups 
are both linked to one carbon atom: d 

CHj(OOjH)g, R.CH(CX)9H)2, , RR'0(CX)aH)a, 

and ordinaiy succinic acid and its homologues, which contain 
the carboxyls bound to two different carbon atoms 
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The bivalent acid residues, G 2 O 2 = ozalyl, Cs ^02 = malonyl, 
and C 4 H 4 O 2 = succinyl, which are combined with the two hy- 
droxyls, are termed the radicals of the dibasic acids, and are 
examples of bivalent acyl radicals. 

Isomers . — Isomers of oxalic and malonic acids are neither 
theoretically possible nor actually known. We know, how- 
ever, two succinic acids, viz. : 

OOjH-CHj-CHa.OOaH and CH 8 -CH(OOaH) 2 . 


The former corresponds with ethylene chloride and the latter 
with ethylidene ciiloride, from which they are respectively 
derived by the exchange of two chlorine atoms for two car- 
boxyls. Hence the names ethylene- and ethylidene-succinic 
acids, or more commonly succinic acid and methylmalonic acid. 

Since ethylene cyanide can be prepared from the chloride, 
the above derivation of ethvlene-succinic acid is also an experi- 
mental one. This is not the case, however, with the isomeric 
acid, since, as a rule, when several chlorine atoms are bound 
to the same carbon atom, as in ethylidene chloride, they cannot 
be exchanged for cyanogen. 

Behaviour . — Many of the dibasic acids, in the molecules of 
which the carboxyls are attached to different carbon atoms, 
yield intramolecular anhydrides by the elimination of a mole- 
cule of water from one of the acid. These anhydrides may 
be obtained either ( 1 ) by heating the acids alone, or ( 2 ) more 
generally by the action of phosphorus ^ntachloride, acetyl 
chloride, or carbonyl chloride upon the acids (B. 10, 1881; 17, 
1285). They recombine slowly with water to form the free 
acids. This formation of anhydride is favoured by the presence 
of substituents in the molecule (B. 23, 101 , 620; 26, 1925). 

The elimination of water occurs most readily with succinic 
and glutaric acids and their substituted derivatives; in fact, 
with the acids containing a chain of 4 or 5 carbon atoms: 


aijd C0^.i.(!3.<!3.00»H. 

I I i 


This is undoubtedly to be attributed to the spatial relation- 
ships of th» atoms within the molecule. Assuming that the 
four valencies of a carbon atom are symmetrically distributed 
in space (i.e. directed towards the solid angles of a tetra- 
hedron), then it can be readily seen by the aid of models that 
in acids of the above t 3 rpes the CX) 2 H groups are brought 
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sufficiently near to one another for water to be eliminated, 
and for a closed ring to be formed (compare Polymethylene 
Derivatives). 

The derivatives of the dibasic acids, ix. their esters, amides, 
&c., show precisely the same characteristics as the analogoue 
derivatives of the monobasic acids, especially in the readiness 
with which they are hydrolysed. 


DERIVATIVES OF DIBASIC ACIDS 


Derivatiyes. 

Salta. 

Estera. 

Chloridea. 

Amides. 

Acid. 

CO-ONa 

CO.OH 

Acid sodium 
oxalate. 

CO-OC,H, 

CO-OH 

Ethyl-oxalio 

acid. 

CO-Cl 

CO-O(H) 
(only known in 
derivatives). 

CO-NHa 

CO-OH 

Oxamic 

acid. 

Neutral 

or 

normal. 

CO-ONa 

CO.ONa 
Neutral sodium 
oxalate. 

CO-OCsH, 

CO-OCaH# 

Ethyl 

oxalate. 

co-a 

CO-Cl 

Oxalyl 

chloride. 

CO-NHa 

CO-NHa 

Oxamide. 


As in the case of the glycols, complications arise from the 
formation of mixed derivatives, e,g, partly ester and partlj/ 
amide, as in the case of ethyl oxamate (p. 244), and also fron 
the fact that many of the acids form imides. Such imides arc 
derived from the hydrogen-ammonium salts of the acids bj 
the elimination of two molecules of water, thus; — 

^♦<OO.OH + ^ = 2H,0 + C^*<gg>NH 

Soocinlo acid Suocinimide. 

Like the amides they are readily hydrolysed (cf. Succini 
mide). 

Oxalio acid (Ethcme diacid)^ ^C02H)2, 2 H 2 O, is one' of the 
oldest known oi^nic acids, ana occurs as its acid potassium 
salt in many plants, especially in Oxalis Acetosella (wood-sorrel), 
and in varieties of Bumex, and as the free acid in varieties oi 
Boletus, as normal sodium salt in varieties of Saficomia, and 
as calcium salt in rhubarb root, <&c. 

It may be prepared by a variety of^different reactions. 

1. By the direct combination of carbon dioxide Vith sodium 
at 360° : 2 COj + Na^ = C 204 Naa. 
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2. By quickly heating sodium formate to a high tem- 
perature: 2HOO,Na = H,-f C, 04 Na,. 

3. It is often met with as an oxidation product of relatively 
complex carbon compounds, e,g, by the oxidation of alcohol 
by permanganate, and of sugar, starch, wood, &c,, by nitric 
acid. The oxidation of cane-sugar with concentrated nitric 
acid is often employed for the preparation of pure oxalic 
acid. 

4. On the commercial scale, oxalic acid is manufactured by 
the fusion of cellulose (see Carbohydrates) in the form of saw- 
dust with a mixture of sodium and potassium hydroxides at 
200^-220"" in flat iron pans. The sodium and potassium oxalates 
are extracted with water, then precipitated as calcium oxalate, 
and finally converted into the acid by treatment with the 
requisite amount of sulphuric acid. This method has become 
almost completely displaced by method 2. 

It crystallizes from water in large, transparent, monoclinic 
prisms containing two molecules of water of crystallization. 
They slowly effloresce in the air, and readily become an- 
hydrous when heated at 100®. At higher temperatures the 
acid partly decomposes into carbon dioxide and formic acid, 
and partly sublimes unaltered. 

The acid is readily soluble in water, moderately in alcohol, 
and somewhat sparingly in ether. The aqueous solution de- 
composes when exposed to light. 

Concentrated sulphuric acid decomposes it into carbon mon 
oxide, carbon dioxide, and water; 

C2H2O4 = 002 + 00-1- H2O. 

Oxalic acid is stable as regards nitric acid and chlorine, but 
permanganate of potash or manganese dioxide in acid solution 
oxidizes it to carbonic acid: 

O2HJO4 + O = 2OO2 + H8O. 

It is reduced bv nascent hydrogen to glycollic acid. 

The stren^h of an aqueous solution of &e acid may be 
determined oy titration with standard alkali, using phenol 
phthalein astindicator, or by means of standard permanganate 
in the presence of sulphuric acid. 

Its salts are known as bxalates. The alkaline salts, both acid 
and noiiual,pare readily soluble in water, the normal sodium 
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salt being the least so. The salt of sorrel " of commerce is 
a mixture of C0O4HK and a salt, CgO^K + (LO4H2 + SHgO 
(cf. p. 150). The calcium salt, Co 04 Ca + HgC; (or SHgO), is 
insoluble in water and acetic acid, and serves for the recog- 
nition of oxalic acid. Ferrous-potassium oxalate, (C204)2FeK2 
-j- H^O, finds application in photography as a powertul leduc- 
ing agent (the oxalate developer”). 

Ethyl oxalate, (CO-OOjHjL which can be directly pre- 
pared from the anhydrous acid and ethyl alcohol without a 
catalytic agent, is liquid, while methyl oxalate, (CO«OCH3)2, 
is a solid, crystallizing in plates which melt at 54"*; both of 
them possess an aromatic oaour, distil without decomposition, 
and are extremely readily hydrolysed. Partial hydrolysis, with 
alcoholic potash solution, produces potassium ethyl-oxalate, 
GOOK*COOC2Hg, from which the free ethyl -oxalic acid, 
COOH-COOOnHg, which is readily hydrolysed, and its 
chloride, ethyl-oxalyl chloride, COCl-COOCjHfi, can easily 
be prepared. Oxalic ester yiel^, with an excess of ammonia, 
oxamiae, and with one equivalent the mixed derivative, am- 
monium oxamate, COON 114 • CO -N Ho. 

Oxalyl chloride, (0001)2, has been obtained by the action of 
excess of phosphorus pentachloride on ethyl oxalate. It is a 
liquid, b.-pt. 70^ and has a pungent odour (B. 41, 3558). 

Oxamide, NH2*00«00*NH2, the normal amide of oxalic 
icid, is obtained, among other methods, by the distillation of 
ammonium oxalate, bv the partial hydrolysis of cyanogen, 
but is most readily ootained by the addition of ammonium 
hydroxide solution to ethyl oxalate. It is a white crystalline 
powder, is readily hydrolysed, and by the abstraction of water 
may be converted into cyanogen. When heated it sublimes 
unchanged. 

Oxamio aoi^ NH2*CO*CO«OH, the amic acid correspond- 
ing with oxalic acid, is prepared by heating ammonium hy- 
drogen oxalate. It is a crystalline powder, sparingly soluble 
in cold water, possesses acid properties, and yields salts, esters, 
&c. It melts aad decomposes at 210°. 

Ethyl oxamate, (>xameihme^ NHg* 00 *00*0(1115, is a crys 
talline compound, and melts at 114°-115°. The action ol 
POI5 on this compound is first to form NH2* 001}^ CO *00^5, 
ethyl-oxamine chloride, which readily loses hydrogen cnlo- 
ride yielding NH : 001 • CO * O^Hg and finally N-C-CO* 
OC2EL5, oyano-carbonic ester. Cforresponding ^th oxamide 
we have dimethyl-oxamide, CHj-NH-CO^CO-NHCHj, and 
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cori'esponding with oxamethane, ethyl - dimethyl - oxamate, 
(CHg)2N-CO*CO«OC2H5, both of which were mentioned at 
p. 109. 

Oximide, is prepared by the action of PCI5 upon 

oxamic acid. It forms colourless prisms readily soluble in 
water and of neutral reaction, is quickly hydrolysed by hot 
water, and is transformed into oxamide by the action of am- 
monia (B. 19, 3228). 

Cyanogen, N:C*C:N, is the nitrile corresponding with oxalic 
acid (see p. 274). 

M^onio aoi(^ Propane diacid, CH2(C02H)2, occurs in beet- 
root as its calcium salt, and may be obtained by the following 
methods: — 

(1) By the oxidation of malic acid by means of chromic 
acid, hence its name; (2) by the hydrolysis of malonyl-urea 
(p. 298), (Baeyer): (3) by the hydrolysis of cyano-acetic acid 
{Kolbe,^MiUler; A. iW, 348; 204, 121): 

CN.CHg.00gH + 2H20 = CHjCOOjH)^ -f NH^ 

It ciystallizes in large plates, dissolves readily in water, 
alcohol, and ether, melts at 132°, and decomposes when heated 
to a slightly higher temperature. 

Ethja malonate, malonic ester, CH2(CO *002115)2, is usually 
obtained by passing hydrogen chloride into a solution of cyano- 
acetic acid (from chloracetic acid) in absolute alcohol. It is 
a liquid of faint aromatic odour boiling at 198°, and having a 
remarkable similarity to aceto-acetic ester. Thus the hydro- 
gen of the methylene ^oup is replaceable by sodium, through 
the influence of the caAonyl groups CO, which are also bound 
to the methylene; and the resulting sodio-malonic ester readily 
exchanges the metal for alkyl when treated with an alkyl 
iodide. By this means the higher homologues of ethyl 
malonate, e,g, methyl-, ethyl-, propyl-, &c., malonic esters, are 
obtained, l^rther, the second hydrogen atom in these can 
be exchanged in exactly the same maimer for sodium and 
then for alkyl, whereby dialkyl malonic acids are formed. 
This 80-call8a ‘‘malonic ester” synthesis is an important 
method for the preparation of the higher dibasic acids, being 
applicable even in complicated cases. (Of. Conrad and Bischojff, 
A. 2(k, 121.^ It is also of importance for the preparation of 
some of the higher fatty acios, as the substituted malonic 
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acids when heated above their melting-points lose carbon 
dioxide and yield fatty acids: 

^,>C{OO.H), - g§^>CH.CO,a 

Malonio anhydride, carbon snboxide, 0,0^ 0:C:C:C:0, 
is formed when malonic acid is heated in a suitable apparatus 
at 140'-160“. {Duk and Wdf, B. 1907, 40, 355; cf. ako 1906, 
39, 689; Skmdinger and St. Bereza, B. 1908, 41, 4461.) The 
yield is only 10-12 per cent, and acetic acid and carbon moxide 
are also formed. It is a colourless liquid, b.-pt. -|- 7°, m.-pt. 
— 107®, and DjI Ml. It reacts readily with water, hydrogen 
chloride, dry ammonia, and aniline, ;^ielding respectively mal- 
onic acid, malonyl chloride, malonamide, and malonanilide. It 
is stable at low temperatures, but decomposes rapidly at 100°. 

Snoeinio acid, Bviaiie diaeid, eOiylem-suecme am, symmetrical 
etkane-diearbaeylie acid (from suedmm = amber), CO^H'CHj* 
GH]*CO^H. This acid has been known for a long time; its 
composition was determined by Berzelius. It exists in amber, 
in various resins and lignites, in many Gompositse, in Papa- 
veraceae, in unripe wine grapes, urine, blood, &c. 

It may be obtamed by most of the general methods described 
on p. 239, «.y.: 1. By the hydrolysis of ethylene cyanide. This 
is an extremely important method, as it affords a synthesis of 
succinic acid and also establishes its constitution, since it can 
be shown that in ethylene dibromide the two bromine atoms 
are attached to distinct carbon atoms: 

CH,:CH, — CHoBr-CHiBr -* CN-CH,-CH,.CN 
— COjH.CHj.CHj.COjH. 

2. From ;3-iodo-propionic acid by conversion first into 
j8-cyano-propionic acid and subsequent hydrolysis. 

3. By the reduction of fumaric and maleic acids, GOoH'GH: 
GH-GO^H. 

4. By heating its hydroxy-acids, malic or tartaric, with 
hydriomc acid: 

00,H-CH(0H).(Sb,- 00^-|-2HI = COjH-CHj.CHj.COjH-l-Iy 

6. It may also be obtained by the fermentatiop of the salts 
of these hydroxy-acids by means of certain micro-organisms, 
e.g. certain species of bacteria or yea&ts. 
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It is also formed in small quantities as a by-product in the 
alcoholic fermentation of sugar, and by the oxidation of fats, 
fatty acids, and paraffins by means of nitric acid. 

It is usually prepared from calcium malate according to 5, 
or by the distillation of amber. 

6. It may also be synthesised from ethyl malonate. The 
sodio-derivative of this ester reacts not merely with alkyl 
iodides or bromides, but also with the esters of haloid fatty 
acids, e,g, ethyl bromoacetate. 

(OOoEaCHNa + Br-CHo-COoEt 

= NaBr + (C02Et)2.CH.CHa.002Et. 

The product is ethyl ethane-tiioaTbozylate, and when this 
is hydrolysed, alcohol, carbon dioxide, and succinic acid are 
formed. This method is of general interest, as various sub- 
stituted succinic acids may be synthesised by this method. 
In place of sodio-ethyl malonate, the sodio-derivatives of esters 
of mono-substituted malonic acids may be used, and in place 
of ethyl bromo-acetate the esters of other halogen fatty acids, 
e,g. ethyl iodo -propionate or ethyl bromo-valorate It has 
been shown {Bone and SpranUingy J. C. S. 1899, 839) that 
better yields can be obtained by using ethyl cyano-acetate and 
its derivatives in place of ethyl malonate and its derivatives. 

Properties , — It crystallizes in monoclinic prisms or plates 
with an unpleasant faintly acid taste, is readily soluble in 
water, melts at 185°, and boils at 235°, but is at the same 
time partially converted into its anhydride. (For its electro- 
lysis, see pp. 49 and 240.) Is very stable towards oxidizing 
agents. 

Of the salts of succinic acid, the basic ferric salt, obtained 
by the addition of a ferric salt to ammonium succinate, is 
used in analysis for the separation of the ferric and aluminic 
radicals. The calcium salt is soluble in water. 

The derivatives of succinic acid correspond closely with 
those of oxalic, e,g, succinajnic acid, NHg'CO^CHg-CHg* 
CO *011, is analogous to oxamic acid, atid succinamide, 
NHa*C0‘0H2-0H2-00*NH2, to oxamide. There also exists, 
as in the case of other dibasic acids, an imide, succinimide, 

C 2 H 4 <^q^NH. The latter crystallizes in rhombic plates, 

and is formed by heating ammonium hydrogen succinate. 
The basic properties of the NH are so modified by the two 
carbonyl groups of the acid radical that the imido-hydrngen is 
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replaceable by metals, such as E, Ag, &c. (Cf. B. 25, Bef. 
283.) Snooinyl chloride reacts as though it were dichloro- 

bntyro- lactone, C2H4<^q|£> 0. It is a colourless liquid 


boiling at 190®, and is obtained bv the action of phosphorus 
^ntachloride (2 mols.) on the acid, or of 1 mol. on the anhy- 
mde. In many of its properties it resembles the acid chlorides, 
but on reduction yields butyro-laotone; with benzene and alu- 
minium chloride it yields mainly y-diphenyl-butyro-laotone, 

and with zinc ethyl y-diethyl-butyro-lactone. 

With NHg it yields but little amide, but with aniline gives 
the normal anilide (cf. Auger^ Annales, 1891 [vi], 22, 326; 
Morell^ J. 0. S. 1914, 105, 1733). Succinic anhydride, 


C 2 H 4 <^q^O, is best obtained by the action of acetic anhy- 


dride on the acid. It crystallizes in glistening plates, melts 
at 120®, and distils without decomposition. It slowly com- 
bines with water, yielding the acid ; more readily with alkalis, 
and also with alcohols at a higher temperature, yielding 
the acid esters, 6,g, HO-CO-CHg-CHg^CO^OEt. This is the 
most convenient method for the preparation of acid esters. 
The other methods sometimes employed are: (a) the partial 
hydrolysis of the neutral ester, and (&) the partial esterifi- 
cation of the acid by means of very dilute solution of hydrogen 
chloride in the requisite alcohol (Bone, Sudborough, and Spranh- 
ling, J. 0. S. 1904, 534). 

Olutario Acid, Pentane diadd, COgH-CHg-CHg-CHg *00211, 
may be obtained from glutamic acid (p. 258), and also by 
condensing formaldehyde with ethyl malonate in the presence 
of a small amount of diethylamine: 


CHjtO + 2 H-CH( 003 Et )2 

= HaO-f(CK>,Et),.CH.CHa.CH(002Et)2. 


This is a further example of the readiness with which alde- 
hydes condense with compounds containing a methylene group 
adjacent to carbonyl or negative groups. The prrauct, ethyl 
propane-tetracarbozylate, on hydrolysis yields ethyl alcohol, 
carbon dioxide, and glutaric acid. The last ciystallizes in 
prisms, melts at 97®, is readily soluble in water, and yields 
an anhydride, an imide, &c. The imide can be obtained 
when piperidine is oxidiz^ with hydrogen peroxide, and when 
distill^ with zinc dust yields a small amount of pyridine. 
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Isomeric with glutario acid is methyl-snooinio or pyro- 
tartario acid, CO 2 H • OHMe • CH^ • COgH, an acid closely 
resembling succinic acid, and obtained by dry distillation of 
tartaric acids. 

The s-dimeihyl- and s-dibromo-snccinio acids, COgH* 
CHBr^CHBr^COgH, occur in the same number of stereo- 
isomeric modifications as the tartaric acids (m 258). 

Mono- and dibromo-snooinic acids, CgHgBr(GO^)g and 
CgHoBr 2 (COgH) 2 , are easily preparec^ and are valuable for the 
syntheses of the hydroxy-succinic acids. 

Sodium reacts with ethyl succinate, yielding; ethyl snccinylo- 
succinate, a compound related to benzene. (Chap. XYII, G.). 

Isosucoinic acid, Methyl -pro^ne diacUtf ethylidene- succinic 
acidf or Tnethyl-malonzc acid, CHg * 011 ( 00211 ) 2 , is formed by 
the malonic ester synthesis, or from a-chloro- (or iodo-) pro- 

5 ionic acid (pp. 245 and 240). It is a solid, when heated 
ecomposes into COg and propionic acid, and yields no an- 
hydride (p. 242). 

Belative strengths of the dibasic acids: 

s: 

Oxalic 10*0 (about) 

Malonic 0*163 

Succinic 0*0066 

Glutaric 0*0047 

The strengths of alkylated succinic acids are not so very 
different from that of succinic acid, and those of alkyl glutaric 
acids are of the same order as that of glutaric. 

B. Unsatupated Dibasic Acids 

The unsaturated acids stand in the same relation to the 
saturated dibasic acids as acrylic acid does to propionic. As 
dibasic acids they yield derivatives analogous to those of oxalic 
acid, while as unsaturated compounds each molecule possesses, 
in addition, the property of combining with two atoms of hy- 
drogen or halogen, or with one molecme of ha]ogen hydride. 

Gommon Methods of Formation, — 1. By the elimination of 
water from the hydroxy dibasic-acids. Thus malic acid when 
distilled yields water and maleic anhydride, which volatilizes, 
and also fumaric acid, which remains behind: 

OOgH.CH(pH).CHg.COjH - HgO = COgH.CH:CH*OOgH. 
The actual product obtained by the elimination of water 
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bpm malic aoi4 varies considerably with the conditimis of 
the experiment. Thusi when malio acid is maintained at a 
temperature' of 140M50'' for some timCi the chief jneduct is 
fomaric add; when the malio acid is rapidly heated at a 
hij^er temf>erature, maleic anhydride is la^e^ formed 

^tric acid yields, in a similar way, CO„ BLO, itaconic acid, 
OH.:C(COoH)*ClL‘C!OsH, and citraconic anhydride (methyl- 
maleic anhvdride)- 

2. By the separation of halogen hydride from the mono* 
haloid derivatives of succinic acid and its homologues, s.p. 
.monobromo-succinic acid yields fumario, thus: — 

(X),H.GHBr.CH,.OOJB[--.HBr « OO^.CH:CH.OO,H. 

3. Fumario add has been prepared synthetically from 
acetylene di-iodide, just as succinic acid has been from ethy- 
lene dibromide. 

CansHitri ^ — ^The acids of this series may be re^rded as 
dicarboxyliS acids of the olefines, ay. fumaric and maleic acids, 
CsHs(C 02H)|, as those of ethylene. Their mode of formation 

1 corresponds exactly with the production of ethylene from 
alcohol, or with that of acrylic from ethylene lactic acid, while 

2 ^ees with that of ethylene from et^l iodide. 

Maleic acid (cis-Butene diacid), COgM^CHiCH^COsH, crys- 
tallizes in large prisms, possesses a grating, nauseous acid 
taste, and is very readily soluble in cold water. It distils 
unchanged, excepting for partial transformation into maleic 
anhydnde. It is conveniently prepared by heating the acetyl 
derivative of malic acid (see p. 255), or from fumaric acid and 
POClj (A. 268, 255). 

Fumaric acid {tra/ns-Buten$ diaeid)^ crystallizes 

in small prisms with a strong, purely acid taste, and is almost 
insoluble in cold water. It does not melt, but sublimes at about 
200° with formation of maleic anhydride. It occurs in Fuimria 
officinalis^ various fungi, truffies, Iceland moss, &c., and is 
obtained from maleic acid either by prolonged heating of the 
latter at 130°, or by the action upon it of hydrobromic or 
other acids. (For its preparation, see A. 268, 255.^ 

Both acids are converted into esters when their silver salts 
are heated with alkyl iodide, and these esters i^tand in very 
close relationship to one another, as do the free acids; thus 
ethyl maleate is changed into ethyl fumarate when wanned 
with iodine, and the ktter ester is formed by iiaturating an 
alcoholic solution of maleic acid with dry hydrogen chloride. 
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Uomfixim of Tomario and Maleio Aoids.--The isomerisin 
of these two acids is a problm which has attracted the atten- 
tion of numerous chemists. Attempts were first made to 
account for the difierenee by TOlymerism or structural iso- 
merism, s.y. Fiiiig has suggested 

(X)aH*GH:CH.OO»H and 00,H.CHs*C*(X)|H; 

A 

but isomerism of this type is impossible, since both acids 
when oxidized yield one or other of the tartaric aoids COaH* 
OH^OH).OH(OH).(X),H. 

AnschiUz has brought forward the formulas 


<X)|H*CH:CH*OOsH and 



Such a formula as the latter is not at all jprobable, as in this 
case maleio acid, which is the stronger acid (K n 1*17, and 
for fumaric E = 0*093), would not possess a carboi^lie, but 
merely a hydroxy lactone structure {Wegscheider^ B. 1903, 
3% 1648). This formula is also found to be quite unten- 
able when the products of bromination and of oxidation are 
considered. 

The fact that the two acids are structurally identical, and 
must both be represented as ethylene dicarboxylic acids, is now 
generally recognized, and the conclusion is largely based on 
the following facts: — (1) Both acids when reduced with 
sodium amalgam yield ordinary succinic acid. (2) Both acids 
combine with hydrogen bromide, yielding the same bromo- 
succinic acid. ^3) Both acids combine with water at moderate 
temperatures, yielding the same malic acid. In most of these 
additive reactions the maleic acid reacts somewhat more readily 
than the fumaric, and is at the same time partially transformed 
into fumaric. (4) When carefully oxidized, the two acids 
yield stereo-isomeric tartaric acids, maleic being transformed 
into meso-tartaric, and fumaric into racemic acid. (5) Simi- 
larly, on addition of bromine they yield stereo-isomeric di- 
bromo-succinic acids. 

As the two acids are structurally identical, the isomerism 
can only be accounted for by a different spatial relationship 
of the atoms within tho molecule. The stereo-isomerism of 
these unsatqrated compounds is quite distinct from that of 
the saturated compounds, such as lactic and tartaric acids. 
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We are forced to assume that in saturated compounds where 
two C atoms are united by a single bond, there is free rotation 
around the axis represented by the bond; otherwise, the 
number of isomerides Cabc*Cdef, or even Caab*Gaab, 
would be much greater than what is actually found.* When, 
however, the two carbon atoms become united by a so-called 
double bond, free rotation is completely prevented, and we 
have the centres of gravity of the two C atoms and of the 
four substituents all ^ing in the same plane, viz. the plane 
of the paper, e.g. may be represented as 

H.C.H 

H-C-H. 

No stereo-isomerism is possible with such a compound, nor 
yet with any compound in which the 2 radicals attached to 
the one carbon atom are the same, e.g, CHgiCCl-COgH; but 
immediately each carbon atom has 2 different radicals attached 
to it, isomerism is theoretically possible, e.g, crotonic acid, 
CHa.OHrCH.COgH, and maleic acid, COgH-CHrCH-COgH, 
viz,; 

CH3.C.H CH3.C.H 

OOgH-C.H H.C.COjH, 

OOgH-C.H ^ CX)2H.C.H 
WjH.C-H H-C-COgH; 

and similarly for oleic and elaidic acids, erucic and brassidic 
acids, cinnamic and allocinnamic acids and its derivatives, and 
also for numerous other compounds. 

As the centres of gravities of the carbon atoms and of their 
substituents all lie in one plane, the molecules are not perfectly 
asymmetric, and therefore possess no optical activity, and 
cannot be resolved into optically active components. 

* There are a few instances of saturated compounds in which it has been 
suggested that free rotation does not occur. Thus, in 1898, Aherson (B., 
31, 1432), in order ^to account for the existence of a malic acid which had 
been isolated from certain species of Echeveria^ but which was not identical 
with the known dd and r malic acids, suggested the representations: — 

OH OH 

New add, H^O^COaH, and ordinary acid, H*6*COsH 
H-O-H COjH.C-H 

CO 2 H H. 
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A few exceptions to this generalization were at one time 
supposed to exist. Thus it was stated that an optically 
active solution of citraconic acid, COgH-CMerCH-COgH, was 
obtained by the growth of certain fungi on the liquid. Le Bel 
(1894) was able to show that by the addition of water to the 
unsaturated acid, methyl malic acid is formed and is then 
attacked by the organism. Similarly the slight activity 
attributed to ciiinamene, chlorofumaric, and chloromaleic acids 
has been shown to be due to small amounts of impurities 
(Perkin^ J. 0. S. 1888, 695). Erlenmey&r still claims to have 
obtained optically active cinnamic acids (cf. Chap. XXVI, A. 2). 

The two isomerides are not so closely related to one another 
as dn and ^-valeric acids, or as d- and J-tartaric acids; as a rule, 
they differ entirely as regards their ordinary physical pro- 
perties, e,g, crystalline form, solubility, melting-point, water 
of erystallization, dissociation constant, &c., and in many cases 
considerable differences in chemical properties are met with, 
e.g. maleic acid yields an anhydride and fumaric acid does not. 
As a rule, one of the isomerides is less stable than the other, 
and under suitable conditions, e,g, influence of (a) heat, 
(h) light, {c) chemical reagents, especially small amounts of 
halogens or halogen hydracids, the labile compound is trans- 
formed into the stable. With certain pairs of isomerides the 
transformation is mutual, so that whichever of the two we 
start with we obtain, under the conditions enumerated above, 
a mixture of the two in chemical equilibrium. 

As examples of the transforming action of heat we have the 
following: — Fumaric — maleic; allocinnamic — cinnamic; 
angelic — tiglic, and either chloro-fumaric, COoH-CClrCH* 
COoH, or chloro-maleic acid heated separately yields a mixture 
of tlie two. The effect of exposure to sunlight is often identical 
with the action of heat, but not always so, e.g, ethyl benzyl- 


aminocrotonate, qjj exists in two 

stereo-isomeric modifications melting at 79° and 21°; the effect 
of heat is to transform the higher melting estpr into the lower 
melting, and the effect of sunlight is the exact opposite. As 
examples of the influence of <memicals, we have the action 


of small amounts of nitrous acids in transforming oleic into 
elaidic and erucic into brassidic acids. Similarly, small 
amounts of bromine will transform dimethyl maleate into 
dimethyl fillnarate. 

Ultra-violet lights on the other hand, by the addition of 
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energy, transforms the stable into the labile modification, t.g, 
cinnamic acid into allocinnamic acid, and often the most 
convenient method of preparing the labile form is to expose 
the stable compound to the action of the rays from a quartz 
mercury vapour lamp {StoerToery B. 1909, 42 , 4865; 1911, 44 , 
637; 1912, 46 , 3099; 1914, 47 , 1786, 1796, 1863; A. 1916, 
409 , 13). 

Skraup has shown that either sulphur dioxide or hydrogen 
sulphide alone is unable to transform maleic into fumaric, but 
that a mixture of the two will bring about the transformation. 
The chemical reaction between the HgS and SOg may be re- 
garded as a type of detonator which starts the transformation 
in the maleic acid. All chemical reactions, however, cannot 
act in the same manner as catalysts. It has also been shown 
that the salts of maleic acid, e.g, copper maleate, when decom- 
posed by hydrogen sulphide yield fumaric acid or a mixture 
of fumaric and maleic acids, although, as stated above, the 
sulphide itself is incapable of transforming free maleic acid 
into fumaric. According to Tanatar (Abs., 1911, i, 169, 940) 
sodium thirsulphate alone can bring about the change of 
maleic into fumaric acid. 

The exact method of transformation is not known. It may 
be (a) that the two radicals attached to the one carbon atom 
actually exchange positions directly; (6) the two carbon atoms 
may not be entirely unable to rotate round their common 
axis, but may only be in a state of strain, and under the 
influence of light, heat, &c., a rotation through an angle of 
180° may occur; or (c) in the case of change brought about by 
chemical agents it is possible that the agent employed first 
forms an additive compound and is subsequently removed, 
but this view has been shown to be impossible in many cases 
by Anschutz, Fittig, and Michael, 

The system of nomenclature adopted to distinguish between 
the two isomerides is to term the compound in which two 
similar substituents are on the same side of the molecule the 
ois compound, £^nd the isomeride in which the two similar 
radicals are on opposite sides of the molecule the trans: 

COgH.C.H COgH.C.H ^ 

COgH-C-H H-C-CXlaH 

etf-Etbylene dlcarboxyllc acid fraTu-Ethyleue dlcarboxyllc acid. 

In cases where it has not been found possible^ to ascertain 
which of the two known compounds has the ds configuration 
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And which the trans^ the ordinary name is given to the one 
and the prefix tso, or better, alh^ to the other, e,g. crotonic and 
isocrotonic acids, cinnamic and allocinnamic acids. 

Determination of Configuration , — In the case of fumaric and 
maleic acids this has been accomplished with a considerable 
degree of certainty. The arguments used for the cis con- 
figuration of maleic and the trans configuration of fumaric are 
briefly : {a) Maleic acid when heated, or treated with dehydrat- 
ing agents, readily yields an anhydride (cf. Succinic anhydride), 
CH • CO\ 

CH CO/ which can combine with water to re-form maleic 

acid. Fumaric acid yields no distinct anhydride of its own. 
(6) Maleic acid when oxidized yields meso-tartaric acid, whereas 
fumaric acid yields racemic acid (see p. 261): 


H-C-COaH 

H.C-COjH 


H-C.COaH 

CO2H.C.H 


COaH 

H-OH 

H~OH 

COaH. 

COaH 
H~OH 
COaH— OH 
H 


and 


COaH 

OH-j-H 

OH-j-COaH 

H. 


The configurations of other pairs of olefine stereo-isomerides 
have not been determined with the same degree of certainty, 
and many of the methods described in text-books as being 
available for this purpose cannot be relied on, e,g, of two 
stereo-isomeric a- or ^-halogenated compounds, the one which 
has the halogen in the cis-position with respect to a hydrogen 
atom will lose halogen hydracid more readily under the 
influence of alkali, e,g,\ 

CHg.C-Br , ^ CHg.C-Br 
H-C-COgH COaH.C.il. 

In many cases it is probable that exactly the reverse holds 
good. 

Similarly it was assum’ed that by the addition of hydrogen, 
chloride, bromine, iodine, or their hydracids to an acetylene 
derivative, the addenda, e,g, two bromine atoms or one bromine 
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and one hydrogen, assume the cis positions in the olefine 
compound formed. It has been conclusively proved that 
acetylene-dicarboxylic acid with halogen hydracids yields mono- 
halide derivatives of fumaric and not maleic acid {Michael^ 
J. pr., 1892, 46, 210; 1895, 62, 352). According to Gamer 
(C. N. 1919, 119, 16), trans addition and trans elimination 
are the rule and not the exception, and can be accounted for 
by Bohr^s theory of the arrangement of the atoms and 
electrons within the molecule. 

An admirable account of the stereo-chemistry of olefine 
derivatives will be found in Werner's “ Stereochemie ”, 1904, 
pp. 179-227. Compare also Frankland^ J. C. S. 1912, 101, 
673; Rek\ J. pr., 1914, 90, 177. 

For higher homologues, see Fittig^ B. 26, 40. 

Acetylene-dicarhozylio acid, Butine diadd, COgH-C-C* 
COgH, is a type of an acetylenic acid; it is obtained by the 
elimination of two molecules of hydrogen bromide from one of 
dibromo-succinic acid. It possesses the characteristic proper- 
ties of a dibasic acid, and also of an unsaturated compound, 
but does not yield metallic derivatives of the type of silver 
acetylene. It readily loses carbon dioxide, yielding propargylic 
acid, CH-C-COoH. Diacetylene-dicarhoxylic acid, COgH- 
C:C*C:G*C(XH, and tetracetylene-dicarhozylic acid, Deca^ 
tetrine diacidy COgH •C;C«C*C*0;C*C|C* COoH, have been 
prepared by Baeyer (B. 18, 678 and 2269). With increasing 
length of chain they show an increasing tendency to explode. 
(For Baeyei^s theory of explosions, see B. 18, 2277.) 

C. Hydroxy Dibasic Acids 

1. Tartronic acid, Propanol diadd, hydroxy-mahnic add, OH« 
CH*(C02H)2, forms large prisms (+ iHgO), and is easily 
soluble in water, alcohol, and ether, ft cannot be distilled 
unchanged, since it breaks up on heating into carbon dioxide 
and glycolide. As hydroxy-malonic acid it may be prepared 
by the action of jnoist silver oxide on chloromalonic acid. It 
may also be obtained by the reduction of the corresponding 
ketonic acid, mesoxalic acid, CO(COgH)g, and also by the 
oxidation of glycerol with permanganate. 

2. Malic acid, Butanol diadd, hydxfixy-sucdnic acid, COgH- 
CH«*OH(OH)-COgH {Scheele, 1785), is very widely distributed 
in tne vegetable kingdom, being found in unripe apples, sorb- 
apples, grapes, barberries, mountain-ash berries, quinces, &c. 
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•Some of the simpler methods of formation are quite analogous 
to those employed in the case of hydroxy monobasic acids, e,g. 

(1) by the action of moist silver oxide on bromo-succinic acid; 

(2) by the reduction of tartaric or racemic acid with HI, and 
of oxal-acetic acid (pp. 232 and 269) with sodium-amalgam; 

(3) by the action of nitrous acid on the corresponding amino 
acid, aspartic acid ; and (4) by the addition of the elements of 
water to fumaric or maleic acid under the influence of aqueous 
sodium hydroxide. 

It crystallizes in hygroscopic needles, is readily soluble in 
water and alcohol, but only sparingly in ether. It melts at 
100°, and when it is distilled, maleic anhydride passes over 
and fumaric acid remains in the retort (p. 249). K = 0*04. 

The molecule of malic acid contains an asymmetric carbon 
atom, and thus the acid should exist in two optically active 
and a racemic modification. The acid obtained from natural 
sources, /-malic acid, is laevo-rotatory in dilute solution, but the 
rotation diminishes as the concentration increases. With a 
34-per-cent solution at 20° no optical activity is shown, and with 
more concentrated solutions dextro-rotation is exhibited. The 
acid obtained synthetically is optically inactive and constitutes 
the racemic form, and it has been resolved into optically active 
modification by the usual methods (p. 263), (B. 1898, 31, 628). 

The alkali salts and the acid calcium salt of malic acid are 
readily soluble in water, while the normal calcium salt is only 
sparingly soluble. 

The constitution follows from its methods of preparation, 
from the fact that it is readily reduced to succinic acid, and 
that its esters react with acetic anhydride, yielding mono- 
acetyl derivatives. 

Amides and Amines of Malic Acid. — Like glycollic acid, 
malic acid forms — as an acid — amides (saponifiable), and — as 
an alcohol — an amine (not saponifiable). The amides are: — 

Malamide, NH 2 .CO.CH(OH).CH,.CO.NH., crystallizing 
in prisms, and malamic acid, C 02 H*CH 2 *CH( 0 H)*C 0 -NHo, 
the latter being onW known as ethyl ester. The amino-acid, 
aspartic acid, C02H-CH(NH2)-CH2'C02H, unites in itself, 
like glycocoll, the properties of a base and of an acid, but 
the acid character predominates. Its acid amide, asparagine, 
COpH«CH(NH 2 )*CH 2 *C^-NH 2 , which is isomeric with nial 
amide, is very widely distributed in the vegetable kingdom, 
being present in the young leaves of trees, in beet-root, 
potatoes, the shoots of peas, beans, and vetches, and in 

(B480) , 10 
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asparagus; it was first found in the last-named vegetable in 
the year 1805. It forms glistening rhombic prisms (-f HgO), 
is readily soluble in hot water, but insoluble in alcohol and 
other, and yields aspartic acid when hydrolysed. It is Isevo- 
rotatory. 

A dextro-rotatory asparagine has likewise been obtained 
from the shoots of vetches (B. 20 , Ref. 510); it possesses a 
sweet taste, and unites with the laevo-rotatory compound to 
an inactive modification. For the synthesis of the asparagines 
and their constitution, see Piuttiy B. 22 , Eef. 241 and 243. 

Aspartic acid, amino-sucdnic add^ is present in beet molasses, 
and forms an important product of the decomposition of 
proteins with acids or alkalis. It has been synthesized, e,g. 
from bromo-succinic acid and ammonia, and crystallizes in 
small rhombic plates readily soluble in hot water. It exists 
in optically active modifications, which differ in taste and 
arc convertible the one into the other (B. 20 , R. 510). 
Nitrous acid transforms both aspartic acid and asparagine 
into malic acid. 

Glutamic acid, a-amino-glutaric acidy COoH*CH(NH 2 )*CH 2 * 
CHg^COgH, and glutamine correspond with aspartic acid and 
asparagine. The former is found in beet-root and in the 
shoots of the vetch and gourd, while the latter is produced, 
together with aspartic acid and leucine, by boiling proteins 
with dilute sulphuric acid. 

D. Dihydroxy Dibasic Acids 

These acids arc characterized by the presence of two hy- 
droxyl radicals in the molecule in addition to two carboxyls. 

Ts^aric acid. Butane -dial diacidy dihydroxy -succinic acidy 
C 02 H.CH( 0 H).CH( 0 H).(C 02 H), exists in four distinct 
modifications. 

1. d- or Dextro-tartaric acid, m.-pt. 170®. 

2. I- or Lmvo-tartaric acid, anH-tartaric acidy m.-pt. 170®. 

3. Racemic acid, d-lrtartaric acidy para-tartaric acidy m.-pt. 
206°. 

4. i- or Inactive tartaric ccid, meso-tartaiic acidy m.-pt. 143°. 

The constitution of these acids follows from Iheir relation- 
ship to succinic acid, from their methods of formation, and 
from the fact that their esters with acetic anhydride yield 
diacetyl derivatives. ^ 

Solutions of equal concentration of the two first of these 
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acids turn the plane of polarization of light in an equal 
degree, but in opposite directions. By their union the in- 
active racemic acid is formed, and this can, conversely, bo 
separated into its components. The fourth tartaric acid, 
likewise inactive, cannot be resolved in this way. 

The common tartaric acid found in nature is optically 
active, and is the (f-tartaric acid, whereas the acids obtained 
synthetically are optically inactive, viz. racemic acid or meso- 
tartaric acid, or a mixture of both, e.g, dibromo-succinic acid 
with moist silver oxide yields a mixture of racemic and meso- 
tartaric acids. 

Fumaric acid when oxidized with permanganate is converted 
into racemic acid, and maleic acid by a similar process into 
meso-tartaric acid (p. 255). Glyoxal cyanhvdrin (p. 229) when 
hydrolysed yields racemic acid, and finally, mannitol when 
oxidized with nitric acid yields racemic acid, and sorbitol 
meso-tartaric acid. 

Synthesis : 

CHjrCHg — CHaBr.CHaBr — CN.CHg-CHjj-CN 
Bra KCN 

— C92H.CHa.CH2.CO2H — COaH.CHBr.CHBr.COall 
Hydrolysis Brg 

— C02H.CH(0H).CH(0H).C02H. 

AgOH 

Stereo-isomerism of the Tartaric Acids. — The isomerism of 
the tartaric acids is of much the same type as that discussed 
in the case of active valeric and of a-lactic acid. A glance at 
the constitutional formula for the acids shows the presence of 
2 asymmetric carbon atoms; to each of these 2 atoms are 
attached the radicals H, OH, and COgH, and the remaining 
valency of each carbon is employed in attaching it to the other 
carbon atom. 

A compound of this general type, C(a, b, c) • C(a, b, c), is 
known as a compound containing 2 similar asymmetric carbon 
atoms. If one valency of each carbon is employed in uniting 
the 2 carbons atoms together, then the 3 radicals, a, b, c, which 
are attached to the remaining three valencies of a carbon atom, 

may be arraijged in two distinct ways, viz. positive order, 

a c . ® 

and ^ , negative order. 
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The following combinations are thus possible: — 

■h + ~ 

"h — -f 

or I 2 3 4 

But Nos. 3 and 4 must be identical, as the radicals attached 
to the 2 asymmetric carbon atoms are identical. 

These spatial relationships may be represented : 


-f- 



where a = H, b = OH, and c = COoH. 

Note . — At first sight it appears as thou^ the radicals a, b, c 
in the lower half of fig. 1 were arranged in the — and not the 
-f“ order, as indicated. It must be remembered, however, that 
each part of the molecule must be looked at from the same 
point of view; and if we take the order of the radicals in the^ 
upper tetrahedron when arranged so that the solid angle 
which represents the point of attachment to the second tetra- 
hedron is pointed down, then we must regard the second 
tetrahedron from the same point of view, i.e. we must turn 
the figure upside down. It is then seen that the arrangement 
in the lower half of the molecule is the +. 

Instead of using the above cumbrous figures, it is usual to 
regard such models as projected upon a plane surface, and to 
use the projections thus obtained {E. Fisch^, B. 1891, 24, 2684); 




c 



b — C — Bi 


0 


0 


0 
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or e 


c 


c 


a-pb 
b I a 


b — 
a — b 


b— a 
b— a 


c 


c 


c 


Note , — The manner in which these projection formulsB are 
obtained can be best seen by means of models. 

A comparison of the three configurations at once shows 
that Nos. I and II are enantiomorphoiis, and are related to 
one another as object to mirror image; thej^ should therefore 
represent the two optically active tartaric acids, and the 
compound of the two should represent the molecule of racemic 
acid. No. Ill has a plane of symmetry, and should therefore 
represent the non-resolvable, inactive acid — meso-tartaric acid. 

The question as to whether No. I represents d- or Z-tartaric 
acid has been settled by Fischer (B. 1896, 29 , 1377) in favour 
of the d-acid. We thus have: 


COjH OO2H COjjH 


H-f-OH 

oh4*h 


OH— H 
H— OH 


OH-j-H 

OH-fH 


CO2H CO2H CO2H 

d I meno 


1. Dextro-taxtaric acid, acidum tartaricum, is the tartaric 
acid found in nature. It was discovered by Scheele in 1769. 
It occurs in the free state, but chiefly as acid potassium salt, 
in various fruits, especially in the juice of grapes, from which 
potassium hydrogen tartrate (cremor tartari) separates in crys- 
tals during fermentation. When this is boiled with chalk and 
chloride of calcium it is transformed into the neutral calcium 
salt, from which the acid is liberated on addition of H^SO^. 

It crystallizes from water in large transparent monoclinic 
prisms, of a strong taste, is readily soluble in water, also in 
alcohol, but almost insoluble in ether. It melts at 170°, and 
its aqueous solution reduces a warm ammoniacal silver solution. 
When melted, it changes into an amorphous modification, and 
then into an anhydride, and when heated more strongly it 
chars, producing a characteristic odour and yielding pyro- 
racemic and pyro-tartariq acids. Oxidation converts it either 
into dihydroxy-tartaric (p. 270) or tartronic acid, and then 
into carbonic acid. It is employed in medicine and dyeing, 
and for making effervescent drinks. 
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Normal potassium tartrate, |H.p, forms 

monoclinie prisms easily soliihle in water. Acid potassium 
tartrate, tartar, or cremor tartari, C4Hr,0^jK, small rhom])ic 
crystals of acid taste, sparingly soluble in water, is much used 
in dyeing, medicine, &c. Potassium sodium tartrate, Rochelle 
or seignette salt, C4H4CLKNa + 4H.^O (1672), forms magni- 
ficent rhombic prisms. Calcium tartrate, C4H40gCa + 4H2O, 
is a powder insoluble in water, but soluble in cold caustic-soda 
solution; on warming the solution it separates as a jell}", 
which redissolves upon cooling. Potassium antimonyl-tartrate, 
tartar emetic, C4H40^.(Sb0)'K + JHgO (see B. 15 , 1540), is 
obtained by heating cream of tartar (cremor tartari) with anti- 
mony oxide and water. It crystallizes in rhombic efflorescent 
octahedra, readily soluble in water. It is poisonous and acts 
as an emetic, and is used as a mordant in dyeing. 

Fehling's solution is a solution of cupric sulphate mixed with 
alkali and Eochelle salt, and is largely used as an oxidizing 
agent. Thus with various carbon compounds, such as formal- 
dehyde, glucose, fructose, (fee., it readily yields a precipitate of 
cuprous oxide. 

The diethyl ester is a thick oil, while the monoethyl ester 
crystallizes in prisms. Aceto-tartaric acid and amides of 
tartaric acid are known, and also various anhydrides. As an 
alcohol, it forms with nitric acid a dinitric ester, the so-called 
nitro-tartaric acid, 0.^112(0 -1^02)2(00211)2, which is readily 
hydrolysed, yielding dihydroxy-tartaric or tartronic acid. 

2. LsBVO-taxtaric acid is identical in its chemical and also 
in almost all its physical properties with ordinary tartaric acid, 
but differs from it in that its solutions turn the plane of polar- 
ization of light to the left, in a degree equal to that in which 
the other turns it to the right. The crystallized salts show 
hemihedral faces like the salts of dextro-tartaric acid, but 
oppositely situated (see p. 263). When equal quantities of 
both acids are mixed together in aqueous solution, the solu- 
tion becomes warm, and we obtain; 

3. Racemic acid, (6411^00)2, 2H^O, the composition of 
which was first established by Berzelius, who recognized it as 
being different from tartaric acid, and who developed the idea 
of isomerism from this first example in 1829. Racemic acid is 
obtained from tartar mother liquor. It differs from dextro 
tartaric acid in that its crystals are rhombic and efflorescent, 
and also less soluble in water than the former; further, the free 
acid is capable of precipitating a solution of calcium chloride 
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and is optically inactive (see below). The salts, which are 
termed racemates, and also the esters (B. 21 , 518), show small 
differences from the tartrates in the proportions of their water 
of crystallization, in solubility, and melting-point or boiling- 
point. Molecular -weight determinations of dilute aqueous 
solutions of racemic acid indicate that under these conditions 
it is completely resolved into d- and Z-tartaric acids. 

4. Meso-tartario acid, a fourth tartaric acid, is inactive like 
the foregoing, but non-resolvable into the active acids. When 
heated with water at ITO"" it is partially transformed into 
racemic acid, which can then be resolved. It differs from 
racemic acid and also from the active acids in all its physical 
properties. It crystallizes in efflorescent rectangular plates, 
m.-pt. 143®. The acid-potassium salt is readily soluble in water. 

Racemic Compounds. Resolution of Racemic Compounds into 
their Optically Active Components . — Eacemic acid has been re- 
solved by three distinct methods, all due to Pasteur; and as 
they are also applicable to the resolution of other racemic 
compounds, they are given below. 

1 . When a solution of sodium-ammonium racemate, 


]Sa(NH4)C4H406, 2 HA 


is evaporated, beautiful rhombic crystals having the compo- 
sition NaNH 4 C 4 H 40 g, 4 H 2 O and showing hemihedral faces* 

* HemihedraJ Faces . — These are small faces which are not perfectly 
symmetrically situated with respect to the other crystalline faces; they 
occur in only half the positions where they might be expected, and thus 
give the crystals a non-symmetru; structure. 

The following figs, represent crystals of the d- and i-sodium ammonium 
tartrates : — 




'rho faces a and h aro the hemihedral hices, and it will be noticed that 
the two crystals are non-supcrposable, but stand in the relationship of 
object to mirror-image. 
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are obtained. Pasteur observed that these faces were not 
always similarly situated, but that certain crystals were 
dextro-hemihedral, while others were laevo-hemihedral, so 
that one crystal formed the reflected image of the other. 
The laevo-hemihedral crystals when dissolved exhibit dextro- 
rotation, and vice versa. If now the two kinds of crystals be 
separated from one another mechanically, and the free acid 
liberated from each, this will be found to consist, not of racemic 
acid, but in the one case of dextro- and in the other of laevo- 
tartaric acid. 

In the process of crystallization it is essential that the tem- 
perature should be below 27®, as otherwise, in place of the 
enantiomorphously related crystals of sodium-ammonium dr 
and Z-tartrates, it is found that the crystals are all alike, possess 
no hemihedral faces, and consist of sodium-ammonium race- 
mate. This temperature is termed the transition point, and 
for each racemic compound there is a definite transition tem- 
perature. Thus for sodium-potassium racemate it is 3' , for 
rubidium racemate 40*4®, for ammonium-hydrogen malate 74®. 

In the case of sodium-ammonium racemate the transition tem- 
perature may be determined by means of a dilatometer {FanH 
Hoff andi Deventer y Zeit. Phys., 1887, 1, 173). This is a large 
thermometer, the bulb of which is filled with an equimolecular 
mixture of the two active salts and covered with oil, the level 
of which can be read oflT on the stem. As the temperature of 
the dilatometer is raised gradually, a considerable increase in 
volume is noticed at 27®, due to the change expressed by the 
equation: 

NaNH-C 4 H. 06 , + NaNHAHA, 4H2O 

= 2H2O + 6H2O. 

Other racemic compounds have been resolved by this simple 
method of crystallization. In all cases the temperature em- 
ployed must be below the transition temperature of the given 
substance, i.e, below the temperature at which the mixture 
of active components becomes 'transformed into the racemic 
compound. In this method of resolution no differences in 
solubility of the two components are met with, and hence no 
process of fractional crystallization can be employed ; the two 
salts are deposited side by side, and must be picked out indi 
vidually. The resolution of zinc ammonium lactate has already 
been mentioned (p. 223); further examples are sodium- 
potassium racemate, asparagin, and camphoric acid. 
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2. A very common method of resolving racemic acids is by 
combination with an optically active base, e,g, an alkaloid. In 
the case of racemic acid itself, Pasteur used ^cinchonine. The 
two salts formed are {a) d-acid + Z-base, (6) Z-acid + Z-base. 
As these two salts are not enantiomorphously related, i.e, 
their molecules do not stand in the relationship of object to 
mirror-image, they possess different solubilities, and may be 
separated by fractional crystallization. 

The following is a list of some simple racemic compounds 
which have been resolved by this method; the salt named is 
the less soluble of the two, and crystallizes first. 

Acids. — Quinine : d-tartrate. Strychnine : Z-lactate, d-methyl- 
succinate, d-methoxy- succinate, d-phenyldibromo- propionate. 
Cinchonine: Z-tartrate, d-malate, d-mandelate. Brucine: d-tar- 
trate, Z-valerate, Z-aspartate. 

Racemic bases may be resolved by a similar process, viz. 
by combination with an optically active acid, e.g. ^tartaric, or 
even better, d-bromocamphor-sulphonic acid, and separating 
the two salts thus obtained by fractional crystallization. Thus 
ethyl-piperidine and coniine have been resolved by Ladenburg 
by using d-tartaric acid (A. 1888, 247, 85; cf. also Pope and 
Harvey on resolution of tetrahydro-j8-naphthylamine, J. C. S. 
1901, 74; also Pope and Peachey^ ibid. 1899, 1066 and 1105). 

3. The third method consists in subjecting a solution of an 
ammonium salt of the acid to the action of some of the lower 
plant organisms, e.g. moulds, bacteria, yeasts, &c. Different 
organisms are required in different cases. Pasteur found that 
ordinary green mould — Penidllium glaucum — when grown in a 
solution of ammonium racemate, destroys the salt of the d-acid 
and leaves a solution of the salt of the Z^acid. If, however, the 
decomposition is allowed to proceed, the Z-salt is also destroyed ; 
the reaction is a preferential decomposition, and, if stopped at 
a suitable time, practically all d-salt will have disappeared. It 
is obvious that in this method one of the active components is 
lost; but by using two distinqjb organisms in separate solutions 
it is sometimes possible to obtain both d- and Z-compounds. 
Thus Penidllium glaucum grown in a solution of a salt of d-Z- 
mandelic acid leaves the d-salt, and Saccharomyces ellipsoideus 
leaves the Z-^lt. 

Among other resolutions which have been effected by this 
method may be mentioned the destruction of Z-lactic, Z-mandelic, 
d-glyceric, Z-ethoxy-succinic acids, and of d-methylpropyl-car- 
binol by Penidllium glaucum^ and the destruction of d-mandelic. 
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^pheIlyldibromo-propio^ic acids and of c/glucose, r/ fructose, 
and r^-raannose by yeast (different species). 

4. Markwald and M^Keiizk (B. 1901, 34, 469) have suggested 
another method of resolution, viz. by esterifying the racemic 
acid with an optically active alcohol. They used r-mandelic 
acid and /-menthol, and found that the d-component of the 
racemic acid was esterified somewhat more rapidly than the /. 
(Cf. also Mackenzie^ J. C. S. 1904, 378.) 

5. Ostromisslensky (B. 1908, 41, 3035) has shown that a mix- 
ture of d- and /-isomerides can be easily separated if a supei-- 
saturated solution of the mixture is impregnated with a crystal 
of a suitable active material, thus a crystal of /-asparagine 
(p. 257) immediately produces the deposition of d-sodium am- 
monium tartrate from a supersaturated solution containing the 
d- and /-salts. A crystal of any optically active tartrate or of 
any isomorphous substance will also cause a separation of one 
of the active sodium ammonium tartrates, the actual salt de- 
posited depending on the activity of the crystal used, e.g. 
d-sodium tartrate always deposits d-sodium ammonium tar- 
trate. It is not necessary that the impregnating substance 
should be optically active; it must, however, be isomorphous 
or isodimorphous. Thus a crystal of glycine can cause the 
deposition of /-asparagine from a supersaturated solution of 
d-/ asparagine. 

This method of resolution cannot be used when the super- 
saturated solution contains a definite racemic compound of the 
d-/ isomerides, and can thus be used as a method for deter- 
mining whether the given substance exists in solution as a 
d-/ conglomerate or as a true racemic compound. 

Racemisation, — When d-tartaric acid is heated with a small 
amount of water at 175° racemic acid is formed, together with 
a small amount of the meso acid. This conversion of an 
optically active compound into its racemic isomeride is usually 
termed racemisation, and is to be attributed to the transforma- 
tion of 50 per cent of the original active acid into its optical 
isomer. As further examples of racemisation, may be men- 
tioned the heating of d-valeric acid with concentrated sul- 
phuric acid and of amyl alcohol with sodium hydroxide. 
When valeric acid is boiled for eighty hours jJartial racemi- 
sation occurs, as is indicated by a slight diminution in its 
rotatory power. Eacemisation often occurs during a chemical 
reaction; thus /-mandelic acid, ‘011(011) * 00211 , and 
hydrobromic acid at 50° yield not /-phenylbromo-acetic but 
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r-phenylbromo-acetic acid. (Cf. also Easterfield, J. C. S. 1 89 1 , 7 2 ; 
Pope, ibid. 1901, 81 ; James and Jones, ibid. 1912, 101, 1158. 

For racemization during hydrolysis of esters with alcoholic 
potash, cf. J. C. S. 1919, 116, 602, and Chap. XLVII, H. 

Occasionally the racemisation occurs at the ordinary tem- 
perature, and is then termed avioracemisation\ thus r/-phenyl- 
bromo-acetic acid when kept in benzene solution for some 
three years becomes quite inactive, and ethyl d-bromo-suc- 
cinate in the course of four years diminishes in rotatory power 
from +40*96° to +9° {Walden, B. 1898, 31, 1416). 

Criteria for Determining the Nature of the Racemic Compound. 
— The racemic substance may be one of the following: — {a) A 
definite compound of 1 molecule of the c?-component with 1 of 
the 1. (b) An ordinary mixture of the two in molecular pro- 

portions. (c) Mixed crystals, ie. a solid solution of the two 
isomorphous antipodes without chemical combination. The 
first are termed racemic compounds proper, the second inactive 
conglomerates, and the third pseudoracemic compounds (Kip- 
ping and Pope, J. C. S. 1897, 989). 

A true racemic compound cannot be recognized by mole- 
cular-weight determinations, as in the gaseous form or in 
solution it is usually resolved into its components. In certain 
cases the recognition of the substance as a racemic compound 
is simple, e.g. sodic-ammonic racemate, which crystallizes in 
a different crystallographic system, and contains a different 
amount of water of crystallization from the active isomers, 
and possesses a definite transition point. 

When such simple criteria are of no use, Backhuis Roozeboom 
(Zeit. Phys. 1899, 28, 494) recommends a study of the 
melting-point curves. These are obtained by taking the 
melting-points of mixtures of the compounds in different 
proportions, and then plotting the melting-points against 
the composition. 'I'hc following types of curves are met with • 

Conglomerates, fig. 1. Racemic compounds, figs. 2 and 3, 
Mixed crystals, figs. 4, 5, and 6. 




2 


3 
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A 


A represents the melting-point of the pure c?-compound, B that 
of the pure ^ and c that of the racemic compound or mixture. 
These curves should be studied by aid of the Phase rule. 



K Polyhydroxy Dibasic Acids 


Trihydroxy - glutaric acid, COgH • CH(OH) • CH(OH) • 
CH(OH) • COjH, and the stereo -isomeric acids — saccharic^ 
mucic, and isosaccharic acid — COgH • CH(OH) • CH(OH) • 
CH(OH)*GH(OH) *00211, are the best-known examples. 

Many of these acids form lactones (p. 225), the so-called 
lactonic acids, and some of them also double lactones (cf. Fiitig^ 
A. 255, 1, et seq.). 

Trihydroxy-glutaric acid, C02H*(CH*0H)g*C02H, is a fre- 
quent oxidation-product of sugar varieties, e,g, of xylose and 
arabinose. According to theory, four stereo-isomers should 
exist, and four are actually known; they m^ be represented 
by the following projection formulae, where X = COgH : — 


OH+H 
H+OH 
H 


X 

1 


H— OH 

hck-h 

HOyH 

X 

2 


H— OH 
H— OH 
H— OH 

X 

8 


H- 
HO+H 
H-U)H 


X 


Nos. 1 and 2 are enantiomorphously related and optically 
active, and can form a racemic compound. Compounds 3 and 
4 are inactive substances of the type of mesotartaric acid. 

Saccharic acid is produced by the oxidation of cane-sugar, 
glucose, gulose, gulonic acid, mannitol, or starch by nitric 
acid, and exists in the d-, 2-, and r-foms (see Glucoses) ; d-sac- 
charic acid when reduced yields glycuronic acid (see p. 230). 
All the three varieties are deliquescent. 

Huoio acid is formed by oxidizing dulcitol, the gums, muci 
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lages, and milk-sugar. It is a sparingly soluble, colourless, 
crystalline powder. The molecule being symmetrical in struc- 
ture, it is optically inactive. It is easily converted into deri 
vatives of furane (Chap. XXXIV). 

Isosacohario acid is obtained by the oxidation of glucos- 
amine, CgHjiO^(NH2). 

Theoretically, ten stereo-isomeric acids of the formula 
C0 oH«[CH« 0H]4«C02H are possible, most of which (e,g. d- 
and i'mannO’Saooharic acids, talomuoic acid, &c.) have been 
prepared by E, Fischer (B. 24, 539, 2137, 3622). For their 
relations to the hexoses, see the table appended to these. 

F. Dibasic Ketonic Acids 

Dibasic ketonic acids unite in themselves the properties of a 
ketone and of a dibasic acid. The following are known : — 

1. Mesoxalic acid, C0(002H)2 or C(OH)2(C^H)2 (see p. 
206), is prepared from dibromo-malonic acid, CjBro(C02H)2, 
and baryta water or oxide of silver, thus: — 

CBr2(COaH)j + HjO = CO(COaH)2 -f 2 HBr; 

also by boiling alloxan (p. 298) with baryta water. It crys- 
tallizes in deliquescent prisms (+HnO). 

As a ketone it combines with NaHSO^, reacts with hy- 
droxylamine, and is reduced by nascent hydrogen to tar- 
tronic acid: 

C02H.C0-00aH + 2H = C02H.CH(0H).C02H. 

Since the acid and its salts still retain a molecule of watei 
at temperatures above 100°, this may be united in much the 
same manner as the water in chloral hydrate, corresponding 
with the formula C(0H)2(C02H)2, dihydroxy-malonic acid ”. 
In fact, two modifications of the ethyl ester are known, viz. 
C(0H)2(C02C2H5)2 and C0(C02Cj,H5)2. 

2. Oxal-acetic acid, Butanone dtadd, COaH-CHg-CO-COaH, 
is an acid corresponding in many respects with aceto-acetic acid. 
Its ethyl ester is prepared by the action of sodium eth oxide 
upon a mixture of ethyl oxalate and acetate (p. 232), and 
also by the# action of concentrated sulphuric acid upon ethyl 
acetylene-dicarboxylate. It is a colourless oil, but the alco- 
holic solution gives an Intense dark-red coloration with ferric 
chloride. It is of importance as a synthetical reagent, as the 
hydrogen atoms of the methylene group can be replaced by 
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Bodium, and hence by various alkyl and acyl radicals 
fFislicenus), 

3. Acetone -dioarboxylic acid, Pentanone diacid, CO(CHj5* 
C02H)2, obtained by treating citric acid with concentrated 
H2SO4, readily decomposes into acetone and 2CO2 (see A. 261, 
151). 

4. Dihydroxy-tartaxic acid, COnH-CO-CO-COoH, or pro- 
bably C02H*C(0H)2*C(0H)2*C02H, is formed from pyro- 
catechol and nitrous acid, and by the gradual decomposition 
of nitro-tartaric acid. It melts at 98 . The characteristic 
sparingly soluble sodium salt decomposes readily into carbon 
dioxide and sodium tartronate. 

CH3.CO.CH.CO2H 

5 . Dlweto-racoinlo Mid, (;h..C0.CH.C0,H 

The ester of this is closely related to acetonyl-acetone, the 
latter being readily obtainable from the former by the action 
of caustic-soda solution (“Ketonic decomposition^*; cf. B. 33, 
1219). 

6 . Diacetoglutaric acid, CO2H.CHAc.CH2.CHAc.CO2H. 
The ester of this acid is formed by condensing ethyl aceto- 
acetate with formaldehyde in the presence of diethylamine, 
and is readily converted into derivatives of tetrahydrobenzene 
or pyridine {Kmevemgel, A. 281, 94; cf. also B. 31, 1388). 

Most of these ketonic acids exhibit keto-enolic tantomerism, 
thus 5 isomerides of diacetyl-succinic acid are known {Knorr 
A. 1899, 306, 332. Cf. Chap. XLVII, F.) 

XI. POLYBASIC ACIDS 

The poly basic acids contain two or more carboxylic groups 
in the molecule. The tribasic acids, like phosphoric acid, can 
give rise to three series of salts — normal, monoacid, and di- 
acid. Both saturated and unsaturated acids are known, and 
also substituted derivatives. 

A. Saturated and Unsatdrated Polybasic Acids 

A simple tribasic acid is tricarballylic acid, symmetrical po- 
pane-tricarboxylic acid, COgH . CHg . CH(C02H) . OHg . CO^H. 
It occurs in unripe beet, and is prepared (a) by the addition 
of hydrogen to aconitic acid, (b) by Seating citric acid with 
hydriodic acid, and (c) synthetically from glycerol by tran& 
forming it into the tribromhydrin, CgHgBrg, treating this with 
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KCN, and hydrolysing the cyanide formed, C 3 llr(CN) 3 . Since 
the three hydroxyls in glycerol are distributefl among three 
carbon atoms, the same hokts good for the carboxyls in the 
acid, which has, therefore, the symmetrical constitution: 

OO^K . CHj . CHCCOaH) • 

This acid is of importance in determining the constitution 
of citric acid, from which, as already seen, it can be obtained 
by reduction with HL It crystallizes in rhombic prisms, is 
readily soluble in water, and melts at 166°. 

An unsaturated tribasic acid closely related to tricarballylic 
acid is aconitic acid, C02H*CH:C(Cr0oH)*CH2* 00211, which 
contains two atoms of hydrogen less tnan tricarballylic acid. 
It is found in nature, in Aconitum Napellus, shave-grass, sugar- 
cane, beet-root, &c., and is prepared by heating citric acid, 
CgHgOp when the elements of water are eliminated. It is a 
strong acid, crystallizable, readily soluble in water, melts at 
191°, and is reduced by nascent hydrogen to tricarballylic 
acid, hence its constitution. 


B. Hydroxy Polybasic Acids 

Citric acid, acidum citricum, hydroxy-tricarhallylic acidj COoH • 
CU2«C(0H)(C02H)'CH2*C02H {Scheele, 1784; recognized as 
tribasic by Liebig in 1838), occurs in the free state in lemons, 
oranges, and red bilberries, and mixed with malic acid in 
gooseberries, &c., also as calcium salt in woad, potatoes, beet- 
root, &c. It is usually prepared from the juice of lemons by 
means of the lime salt. It crystallizes in large rhombic prisms 
( + HgO), is readily soluble in water, moderately in alcohol, 
but only sparingly in ether. It loses its water of crystal- 
lization at 130°, melts at 153°, and breaks up at a higher 
temperature first into aconitic acid and water, and then into 
carbon dioxide, itaconic acid, citraconic anhydride, and acetone. 
Oxidizing agents effect a verv thorough decomposition. 

Calcium citrate is precipitated as a white sandy powder 
when a mixture of calcium chloride and alkali citrate solutions 
is boiled. The three series of salts are well characterized; the 
alkali salts* are soluble in water, the others mostly insoluble 
Among the derivatives ^may be mentioned mono-, di-, and tri 
ethyl citrates and triethyl aceto-citrate, 

CX)2Et.aH2.qO.OO.CHaXCX)aEt).CH2.CO,Et. 



272 


XII. CYANOGEN COMPOUNDS 


The formation of this last is a direct proof of the alcoholic 
character of citric acid. The amides of citric acid are con- 
^’^erted by concentrated H2SO4 into oitrazinic acid, C^H5N04, 
a pyridine derivative (B. 17, 2681). 

The cmstitutim of citric acid is arrived at (a) from its con- 
version into aconitic acid by the elimination of water, (6) from 
its reduction to tricarballylic acid, and (c) from its synthesis 
from 1 : 3 dichloroacetone, e,g . : 


GHjCl-CO-GHjCl + HCN — CH2a-C(OHXCN).CH2Cl 
— GN.CHj.CXOHXCJ^-C^-CN 
G0jH.GH2-G(0HXC02H).GHj-G02H. 


The acid has been synthesised by Lawrence (J. 0. S. 1897, 
71, 457) by an application of Reformaiskfjfs reaction, i.e, the 
condensation of a halogen derivative with a ketone in the 
presence of zinc (cf. p. 127). The substances used were ethyl 
bromacetate, ethyl oxalacetate, and pure zinc turnings : 


COjEt-GHjBr -f 


GO-GOgEt 

CHj.GOaEt**" " 

GOgEt . GH3 . (XOZnBr) • GOjEt 


GHj.GOgEt. 


This condensation product reacts with water, yielding ethyl 
citrate, COgEt-CHg *0(011 )(C02Et)*GH2*C02Et, zinc oxide, 
and hydrogen bromide. 

Citric acid is also formed when solutions of glucose are fer- 
mented by certain moulds, e,g, Citromycetes pfefferianus and 
C. glaber (PTehner, Bull. Soc. Chim. 1893 [III], 9, 728). 

Acids containing more than three carboxylic groups do not, 
as a rule, occur in nature, but a number of esters of such acids 
have been prepared by means of the aceto-acetic ester and 
malonic ester syntheses. 


XIL CYANOGEN COMPOUNDS 

Under the name of the cyanogen compounds ig included a 
group of substances which are derivable from cyanogen, CgNg. 
Cyanogen itself is a gas of excessively poisonous properties 
which behaves in many respects like a halogen; and its 
hydrogen compound, hydrocyanic acid, HON, is an acid re- 
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pembling hydrochloric acid to a certain extent, in many 
cyanogen compounds the monovalent group (CN) plays the 
part of an element; cyanogen is to be regarded as the isolated 
radical (CN), which, however, possesses the double formula 
CgNg, just as a molecule of chlorine (Clg) is made up of tM^o 
atoms. The cyanogen group is further capable of combining 
with the halogens, hydroxyl, sulphydril (SH), amidogen, &c. 
From the compounds so obtained numerous others are derived 
by the entrance of alkyl radicals in place of hydrogen. Such 
derivatives invariably exist in two isomeric forms, sharply 
distinguished from one another by their properties. They 
are often termed normal and iso compounds, and the isomerism 
is of very great interest. (See table, p. 274.) 

Polymeric modifications of most of those compounds also 
exist. The number of cyanogen compounds known is thus a 
ve^ large one. 

Carbon and nitrogen do not combine directly except in the 
presence of an alkali, and then a metallic cyanide is formed. 
As examples of this reaction, we have the following: — 

1. When nitrogen is led over a red-hot mixture of coal and 
carbonate of potash, potassium cyanide, KCN, is formed, espe- 
cially under a high pressure. 

2. Ammonium cyanide is formed when ammonia is passed 
j)ver red-hot coal. 

3. Potassium cyanide is formed when nitrogenous organic 
compounds such as leather, horn, claws, wool, blood, &c., are 
heated with potashes. 

4. Hydrocyanic acid is formed when electric sparks are 
passed through a mixture of acetylene and nitrogen, and also 
by the action of the silent electric discharge on a mixture 
of cyanogen and hydrogen. It is also formed (commercial 
method) when a carefully dried mixture of hydrogen, am- 
monia, and a volatile carbon compound (00, COg, CgHg, &c.) 
is passed over heated platinized pumice. (For further modes 
of formation, see p. 275 at seq,) 

The original material tor the preparation of most of the 
cyanogen compounds is potassium ferrocyanide, which is manu- 
factured on the large scale and possesses the great advantage 
over potassium cyanide of being stable in the air and compara- 
tively non-poisonous. 



274 


XII. CYANOGEN COMPOUNDS 


SUMMARY OK TIIK OYANOOKN COMl’OUNDS 


Relation to carbonic acid, <ftc. 
(See p. 288.) 

Name. 

Konuula. 

Nitrile of oxalic acid, 

Cyanogen^ 

N:C-C:N 

Nitrile of formic acid, 

Hydrocyanic acid^ 
Alkyl derivatives: 
(a) Nitriles, 

{h) Isonitriles, 

N:C-H 

K.C:N 

R.N:C 


Cyanogen chloride^ 
hromide^ iodide^ 

NIC. Cl 

(X)3U., + Nn,-2HA 
(Nitrile of carbonic acid, 
eventually Carbimide), 

Cyanic acid^ 

Alkyl derivatives : 

Methjrl cyanate, 
(6) „ isocyanate. 

NIC-OII 

NIC.Q.CHg 

OrCiN-CHg 


Thiocyanic add^ 

Alkyl derivatives : 

(а) Ethyl thiocyanate, 

(б) Allyl isotnio- 

cyanate. 

NtC.SH 

NIC-B.C,!!, 

SiCiNCgHg 

COyH.. + 2NH3 - SHgO, 
(Nitrile and amide of car* 
bonic acid, eventually 
Carbo-di-imide, see p. 
286 ), 

Cyanamide^ 

Alkyl derivatives : 

(а) Alkyl cyana- 

mide, 

(б) Carbo-di-imide, 

NIC.NIIg 

NIC.NH.R 

UN:C:NR* 

The amic acid of car- 
bonic acid. 

Carhamic acid^ 

NHg.CQ.OH 

The amide of carbonic 
acid. 

Ureay 

CO(NHA 


Thio-ureay 

Alkyl derivatives : 

(a) A Ikyl-thio- ureas, 
{}}) Iniido-thio-carba- 
miue compounds. 

CSCNHj)., 

NfT,-(.'S.NUR 

CO3II2 + 3NH3-3H3O, 
(Amidine), 

Quanidimy 

i 

HNiqNHj)^ 


R = alkvl radical. 
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A. Cyanogren and Hydrocyanic Acid 

Cyanogen, N-C-CjN, which was discovered by GayLwssac 
in 1815, occurs in the gases of blast-furnaces and in coal gaa 

As the nitrile of oxalic acid, it may be obtained by the 
abstraction of the elements of water from ammonium oxalate 
by means of P 4 O 10 ; also in the same way from the intermediate 
product of this reaction, oxamide: 

NH40-C0-C0-0NH4-4H,0 = N:C-C:N, 
NHa.(X)-CO-NH2 - 2 H 2 O = N-C-C-N. 

It is usually prepared by heating dry silver cyanide, AgCN, 
or mercuric cyanide, Hg(CN) 2 , strongly : 

Hg(CN)2 = HgH-C^Na; 

or by heating a solution of cupric sulphate with potassium 
cyanide (B. 18, Eef. 321), 

Cyanogen is a colourless gas of a peculiar unpleasant odour 
resembling that of bitter almonds, and is terribly poisonous. 
It is easily liquefied and solidified (sp. gr. 1*8 of the liquid; 
m.-pt. —34°; b.-pt. —21°), is soluble in 0*25 vol. of water ana 
in even less alcohol. The solutions become dark upon stand- 
ing, with separation of a brown powder (“Azulmic acid”), 
wh^ile oxalic acid, ammonia, formic acid, hydrocyanic acid, and 
urea are to be found in the liquid. The formation of the 
oxalic acid and ammonia is due to normal hydrolysis, and that 
of formic acid to the hydrolysis of the hydrocyanic acid formed 
as an intermediate product. In presence of a minute quantity 
of aldehyde, oxamide is formed as the result of the addition of 
water. Cyanogen combines with heated potassium to KCN, 
and dissolves in aqueous potash to form KCN and KCNO. 

Paracyanogen, (CN),^, is a polymer of cyanogen. It is an 
amorphous brown powder which is formed as a by-product 
when mercuric cyanide is heated; upon further heating, it is 
transformed into cyanogen. , 

Hydrocyanic acid, prussic add, CNH, was discovered about 
the year 1782 by Scheele, and investigated closely by Oay 
I/ussac. ^ 

Some of tne more interesting methods of formation are the 
following : — • 

1 . It is readily liberated from its salts by the action of 
almost any other acid, even carbonic acid; and even complex 
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cyanides, e,g, potassium ferrocyanide, when distilled with 
moderately dilute sulphuric acid yield hydrogen cyanide: 

K4Fe(CN)e + 6H2SO4 = 6HCN + FeS 04 + 4KHSO4 

The ferrous sulphate produced reacts with more ferrocyanide 
to form potassium ferrous feiTOcyanide, FeK 2 (FeCgN^), which is 
not affected by dilute acids (seep. 279); consequently only half 
of the cyanogen present is converted into hydrocyanic acid. 
When concentrated sulphuric acid is employed, carbon mon- 
oxide is obtained from the intermediate product, formic acid. 

2. As the nitrile of formic acid, it may be prepared by the 
action of dehydrating agents on ammonium formate or form- 
amide : 

H.CO-ONH4 = H-CO-NHa + HgO = HCN 2H2O. 

3. Together with oil of bitter almonds, CgHg-CHO, and 
grape-sugar, CgH^oOg, by the hydrolysis of the glucoside 
amygdalin under the influence of the enzyme ‘‘ emulsin ” (see 
Benzaldehydo, Chap. XXV, B.): 

CjoH^rOnN 4 = CNH 4 C,H „0 4 

The oil of bitter almonds and its aqueous solution {aqua 
amarum amygdalarum) — prepared from the almonds them- 
selves — consequently contain HCN. 

The acid occurs in the free state in the tree Pangium edule^ 
found in Java, more particularly in the seeds. It exists in 
the form of glucosides in various plants (C. C. 1906, ii, 1849; 
1909, i, 387), which are termed cyanogenetic plants. 

4. By the action of ammonia and chloroform on alcoholic 
potash under pressure. Cf. p. 106. 

For other syntheses, see p. 273. 

Hydrogen cyanide is a colourless liquid boiling at 26° 
and solidifying at —14°. 8p. gr. 0-70. It has a peculiar 

odour and pr^uces an unpleasant irritation in the throat, is 
miscible with water, and burns with a violet flame. Like 

? 3tassium cyanide, it is one of the most terrible of poisons. 

he best antidotes are stated to be hydrogen peroxide or 
small quantities of chlorine mixed with air. When absolutely 
pure it can be preserved unchanged, but it decomposes in 
presence of traces of water or ammonia, with separation of 
a brown mass and formation of ammonia, formic acid, oxalic 
acid, (fee. The addition of minute quantities of mineral acids 
renders the aqueous solution more stable. 
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Liquid hydrocyanic acid is a good solvent for many salts, 
and has a high ionizing power. Acids (sulphuric and trichloro- 
acetic), however, do not appear to dissociate when dissolved 
in the liquid. 

The acid has many properties of an unsaturated compound. 
It is readily reduced by nascent hydrogen to methylamine. 
In the presence of hydrochloric acid it combines with water 
yielding formamide. With diazomethane (Chap. LI) it yields 
methyl cyanide together with methyl carbylamine. With 
hydrogen chloride it gives iminoformyl chloride^ NH:CHC1, a 
compound of importance in the synthesis of aromatic alde- 
hydes (A. 1906, 347, 347); but has not been isolated. From 
ethyl acetate solution a product 2HCN, 3HC1 = NH:CH*NH* 
CHClg, HCl, dichloromethyl formamidine hydrochloride is 
obtained. It combines directly with most aldehydes and 
ketones, yielding cyanhydrins (nitriles of hydroxy acids), 
(p. 214), and also with certain unsaturated compounds, espe- 
cially in the presence of potassium cyanide, yielding saturated 
nitriles {Lapworth, J. C. S. 1903, 996; 1904, 1214; Knoe^ 
venagely B. 1904, 37, 4066); e,g. a -phenylcinnamo- nitrile, 
OHPh:CPh*CN, yields diphenylsuccinylo-nitrile, CN»CHPh« 
CHPh.CN. 

Hydrocyanic acid is an extremely weak monobasic acid 
(K = 0 0013 X 10”®), and its salts are decomposed even by 
carbonic acid. It is a typical tautomeric compound. Its 
reduction to an amine and its hydrolysis to formic acid are 
similar to the corresponding reactions of methyl cyanide, and 
it might be urged that these reactions favour the nitrile for 
mula H-C-N Both reactions are, however, compatible with 
the view that it has the carbylamine structure H-NrC. The 
salts are usually regarded as carbylamine derivatives (see 
derivatives of divalent carbon, Chap. L, D), and it might be 
argued that the free acid has a similar structure. Such an 
argument is, however, unsound, as numerous examples are 
known where salts have a structure quite different from that 
of the acid from which they are prepared (cf. ethyl aceto- 
acetate and pseudo acids). 

Hydrocyanic acid can be detected by converting it either 
into Prussian blue or into ferric thiocyanate. In the former 
case the solution to be tested is treated with excess of caustic 
soda and some ferrous hnd ferric salt, boiled, and acidified, 
when Prussian blue results; in the latter the solution is 
evaporated to dryness together with a little yellow sulphide 
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of ammonium, the residue taken up with water and ferric 
chloride added, when the blood-red colour of ferric thio- 
cyanate is obtained. 

Trihydrocyanic acid, (CNH),, results from the polymer- 
ization of hydrocyanic acid under certain specified conditions. 
It forms white, acute-angled crystals, which readily yield hy- 
drogen cyanide when heated above 180°. 

Cyanides. — The cyanides of the alkali and alkali -earth 
metals are soluble in water, and the solutions have a strongly 
alkaline reaction due to the hydrolysing action of the water 
(cf. Soaps, p. 165). The salts of the heavy metals, with the 
exception of mercuric cyanide, are insoluble in water. 

Potassium cyanide, KCN, forms colourless deliquescent 
cubes, sparingly soluble in alcohol. The commercial product 
usually contains large amounts of potassium carbonate due to 
the action of atmospheric carbon dioxide. It is formed when 
potassium ferrocyanide is fused, and the product extracted 
with water: K^FeCgN^ = 4 KCN -f FeCs -f N.^. 

Manufacturing 'procesm. — {a) Beilbfs process, which consists 
in treating a fused mass of potassium carbonate and carbon 
with ammonia, the product being a molten cyanide of high 
strength, (h) The sodium salt required for extracting gold 
from auriferous quartz is made by fusing sodium ferrocyanide, 
a by-product of gas-works, with sodium Na^FeC^Ng -j- 2 Na 
— 6 NaCN + Fe. {McArthur-Forrest process.) 

The pure salt can be prepared by passing hydrogen cyanide 
into an alcoholic solution of potassium hydroxide. It reacts 
with hydrogen peroxide in two different ways (cf. Masson, 
J. C. S: 1907, 1449): 

1 . 80 % KCN -f HP 2 — KCNO + HgO and 

KCNO + 2 H 2 O — NH 3 + KOH + CO 2 ; 

2 . 20 % KCN + 2 H 2 O NH 3 + H-COOk. 

Merourio cyanide, Hg(CN) 2 , crystallizes in colourless prisms, 
is stable in the air, readily soluble in water, and excessively 
poisonous. Its aqueous solution is a non-conductor of the 
electric current, and does not give the ordinary reactions for 
a mercuric salt or for a cyanide (cf. B. 1908, 41 , 317). 
Argentic cyanide, AgCN, forms a white flocculent precipitate 
closely resembling argentic chloride in appearance, but is 
soluble in hot concentrated nitric acid. 

Complex Cyanides. — The double ^anidcs, which arc pro- 
duced by dissolving the insoluble metallic cyanides in a solu- 
tion of potassium cyanide, are divided into two classes. The 
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members of the one class are decomposed again on the addition 
of dilute mineral acids, with separation of the insoluble cyanide 
and formation of hydrocyanic acid, ejj. KAg(CN)o; KoNi(CN) 4 . 
The gold and silver double salts are largely used in gold and 
silver electro-plating. The members of the other class are 
much more stable and do not evolve hydrocyanic acid ; to this 
class belong potassium ferrocyanide, K 4 Fe(CN)(j, [Fe(CN)j,, 
4KCNJ, and potassium ferricyanide, KgFe^CNj^, [Fe(CN).^, 
3 KONJ. The members of this second class arc often termed 
complex salts, and are the metallic salts of complex acids, e.g, 
hydroferrocyanic acid, H^FeC^^N^., and hydroferricyanic acid, 
H 3 FcCgN(j, which are formed when the salts arc decomposecl 
with mineial acids. Certain salts of the latter acid are not 
decomposed at all by dilute acids, for instance Prussian blue, 
but they are by caustic potash (which converts Prussian blue 
into Fe(OH )3 and K^FeC.N^). 

These salts, as a rule, cio not give the reactions of simple 
cyanides, e.g. white precipitate with silver -nitrate solution, 

since in solution they do not yield the simple cyanide ions CN 

but the more complex anions FeC^N^ and FeCgNg. 

Potassium ferrocyanide, yell(m prv^siate of potash, K 4 pe(CN )3 
+ SHgO, may be obtained by adding excess of potassium 
cyanide to a solution of ferrous sulphate, or by dissolving 
iron in a solution of cyanide of potassium, when hydrogen is 
evolved, thus: — 

2 KCN + Fe + 2H2O = Fe(CN)3 + 2 KOH + Hj; 

Fe(CN)2 + 4 KCN = K4Fe(CN)e. 

The old commercial method consisted in fusing together 
scrap-iron, nitrogenous organic matter, and crude potassic 
carbonate. 

It is now usually manufactured from the hydrogen cyanide 
present in crude coal gas or the gas from coke ovens. The 
spent oxide used in the purification of coal gas contains Prus- 
sian blue (ferric ferrocyanide, p. 280). The spent oxide is 
heated with hot milk of lime, and the Prussian blue thus 
transformed into calcium ferrocyanide, from which the potas- 
sium salt citn be prepared. 

Another method consists in passing the coal gas, before it 
has been subjected to* dry purification, through an alkaline 
solution containing an iron salt. The sulphuretted hydrogen 
reacts with the iron salt, forming ferrous sulphide, and this 
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with the hydrogen cyanide and alkali (potassium carbonate) 
yields potassium ferrocyanide : 

PckS + 6 HCN + 2 KfX)^ = K4FeCfl]Src + + 2 + 2 Ufi. 


It forms large, lemon-coloured monoclinic plates, which are 
stable in the air and easily soluble in water, but insoluble in 
alcohol. Concentrated HCl yields hydro -ferrocyanic acid, 
II^FeCgNy, in the form of white needles. With a solution 
of CU8O4, a red-brown precipitate of cupric ferrocyanide, or 
Hatchett's brown, CugFeCgN^, is thrown down, and with solu- 
tions of ferrous and ferric salts the well-known characteristic 
precipitates (see below). Chlorine oxidizes it to 

Potassium ferricyanide, red jn'ussiak of potash^ KgFeC.Ng, 
2 K.FeC,N, + Cl^ = 2 KgFeC^N, -t- 2 KCl.^ 

This crystallizes in long, dark-red, monoclinic prisms which 
are readily soluble in water. The solution decomposes when 
kept, and acts as a strong oxidizing agent in the presence of 
alkali, potassium ferrocyanide being reproduced. Hydro- 
ferricyanic acid, HgFeC^jNg, forms unstable brown needles. 

Both potassium ferri- and ferrocyanides exist in two 
isomeric forms, termed a and ^ {Briggs^ J. C. S. 1911, 99, 
1019). The a is stable in alkaline solution but passes into 
the yS in neutral or acid solvents. Friend (ibid. 1916, 109, 
715; cf. Turner, ibid. 1130) suggests the following formulae 
for the a and /3 ferrocyanides; 


(5) (6) 

C;NK-C;NK 



p or sym. 


N 

C 


C;NK.C;NK 

/ \ 


Fe 


NK 


:C.NK:d^ 


C 

N 

/ 


It is the ^-form which yields the nitro-prusside (p. 281), and 
as this exists in only one form is probably 

K.N:(r I CN I C:NK* 

K.N:(i <NO — .C:NK 

The a and fi ferricyanides are represented by formulae 
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similar to those for the ferrocyanides, except that the Fe 
radicle is tervalent and attached to nitrogen atoms 1:3:5 in 
the a and 1:2:4 in the compound. 

Ferrous salts with potassium ferrocyanide yield a white 
precipitate of dipotassium ferrous ferrocyanide, K2Fe(FeCtjNQ), 
which rapidly turns blue owing to the formation of potassium 
ferric ferrocyanide, soluble Prussian blue, KFe(FeCgN0), which 
is formed by the interaction of ferric salts with an excess of 
K4FeCgNg, or ferrous salts with an excess of K^FeC^N^. 

Insoluble Prussian blue (fFilliamson\s blue) is formed by 
precipitating potassium ferricyanide with an excess of ferrous 
sulphate or the ferrocyanide with an excess of ferric chloride. 
{Hofmann^ A. 1904, 337 , 1; cf. also Deniges, Bull. Soc. 1916, 
19 , 79). The following formula for the soluble (1) and in- 
soluble (2) Prussian blues are in harmony with the above facts : 


ON— CNK 

/ ! \ 

(1) CN— Fe^ ^Fe-NC 


CN CN 

/I I \ 

(2) CN— Fe^ ^Fe— NC 

\ >< / 

CN CN 


Sodium nitro-prusside, Na2FeC5N5(NO) + 2H2O, crystallizes 
in red prisms soluble in water, and yields a brilliant but 
transient violet coloration with alkali sulphides. 


B. Halogren Compounds of Cyanogren 

Cyanogen chloride, C1'N:C (Berthollet), is a colourless gas 
with an obnoxious odour, and boils at 15 5°. It is prepared by 
the action of chlorine upon mercuric cyanide or upon dilute 
acpieous hydrocyanic acid, CNH + CI2 = CNCl + HCl. It 
polymerizes readily to cyanuric chloride, and yields sodium 
chloride and cyariate with aqueous sodium hydroxide. 

Cyanogen bromide, CNBr, forms transparent prisms, and 
is prepared by the action of sulphuric acid on a mixture of 
bromate, bromide, and cyanide of sodium: 

HBrOs + 5 H Br + 3 HCN »= 3 BrCN + 3 HBr + 3 HgO. 

Cyanogen iodide, CNI, forms beautiful white prisms, smelling 
intensely both of cyanogen and iodine, and subliming with the 
utmost ease. * (Cf. Chattaivay and Wadwxyi'e^ J. C. S. 1902, 191.) 

Cyanuric chloride, trjfhlorocyamgev, (CCl)oN3, is obtained 
from cyanogen chloride, or from hydrocyanic acid and chlor- 
ine in ethereal solution. It forms beautiful white crystals 
with an unpleasant odour, and has m.-p. 145° and b.-p. 190° 
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For general discussion of urea, cyanic acid, cyamelido and 
cyanuric acid, cf. Chattaway, J. C. S. 1912, 101, 170; Werner^ 
1913, 103, 1010, 2275. 

C. Cyanic and Cyanuric Acids 

Cyanuric acid is formed when urea is heated, either alone 
or in a stream of chlorine gas; and when this acid is distilled, 
and the vapour condensed in a freezing-mixture, cyanic acid, 
CNOH, is obtained as a mobile liquid of a pungent odour: 

CsNgOsHa = 3 CNOH 

It is exceedingly unstable; when taken out of the freezing- 
mixture it changes, with explosive ebullition, into a white 
porcelain-like mass which consists of cyanuric acid 70 per cent, 
and cyamelide 30 per cent. Potassium cyanate, CNOK, fre- 
quently also termed potassium isocyanate, is prepared by the 
oxidation of an aqueous solution of potassium cyanide 
means of permanganate (A. 259, 377); or by fusing potassium 
cyanide or yellow prussiate of potash with PbOg or Mn 02 : 
(CNK + 0 = ONOK). It crystallizes in white plates, readily 
soluble in water and alcohol. Ammonium cyanate, CNO 
(NH 4 ), forms a white crystalline mass, and is of especial 
interest on account of the readiness with which it changes 
into the isomeric urea, CO(NH 2)2 (p- 290). 

When these salts are decomposed with mineral acids, free 
cyanic acid is not formed, but its products of hycb’olysis, viz. 
carbon dioxide and ammonia: 

CONH + H 2 O = CO 2 + NH 3 . 

This decomposition is avoided by the addition of dilute acetic 
acid (instead of hydrochloric), but in the latter case the cyanic 
acid changes into its polymer cyanuric acid, and the hydrogen- 
potassium salt of the latter slowly crystallizes out. 

When the hydrogen atom in the cyanic acid molecule is 
replaced by alkyl radicals, two* ’distinct groups of compounds 
arc possible. The derivatives which are constituted on tlic 
typo N|C*0-Rare termed the nw'mal^ and those on the type 
0:C:N*R the iso-compounds. 

Ethyl isocyanate, cyanic elher^ OiCrN-CHg-CH^, obtained 
when potassium cyanate is distilled with ethyl iodide or 
potassium ethyl-sulphate, is a colourless liquid of sufTocating 
odour, distilling at 60'’, and is decomposed by water. It does 
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not behave as a typical ester, since when hydrolysed with aoida 
or alkalis it yields ethylamine and carbon dioxide: 

0:C: NEt + H"0 = + 

Water, which acts in a similar manner, gives rise to the 
more complicated urea derivatives; ammonia and amines also 
produce derivatives of urea, and alcohol yields derivatives of 
carbamic acid (see Carbonic Acid Derivatives). 

The production of ethylamine as one of the products of 
hydrolysis is usually regarded as a strong argument in favour 
of the view that in the original isocyanate the ethyl group 
is attached to nitrogen and not to oxygen, e.g. 0:C:N«Et. 
It is questionable, however, whether free cyanic acid and 
cyanate of potassium possess analogous constitutions, since 
frequent observations have shown that the normal cyanic 
compounds readily change into the iso- (see below) ; theoretical 
considerations indeed make it more probable that cyanic acid 
has the constitution NjC-OH, according to which it appears 
as the normal acid, with cyanogen chloride as its chloride. 

Normal cyanic esters are not known (cf. A. 287, 310). 
Cyanuric acid, CgNgOgHg, = (CN) 3 (OH )8 {Scheele\ obtained 
by heating urea, or by the action of water on cyanuric chloride, 
forms transparent prisms containing two molecules of water of 
crystallization. It efiloresces in the air, and dissolves readily 
in hot water. It is a tribasic acid. The sodium salt is spar- 
ingly soluble in cone. NaOH; the (Cu-NH^) salt possesses a 
characteristic beautiful violet colour. Upon prolonged boiling 
with hydrochloric acid it is hydrolysed to COg and NHg, while 
phosphorus pentachloride converts it into cyanuric chloride. 

Only one cyanuric acid is known, and owing to the fact 
that the N-methyl derivative is obtained by the action of 
diazo-methane is represented by the iso-structure: 



(Compare also Hantzsch, B. 1906, 39, 139). 

Cyanuric acid is a pseudo acid, as its salts and also chloride 
have the normal structure. The mercuric salt exists in two 
isomeric forms. 

Two distinct groups of alkyl derivatives are, however, 
known — normal cyanuric esters, e.g. ethyl cyanurate, 
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which is formed by the action of ethyl iodide on silver cyanu 
rate at the ordinary temperature, or by the action of sodium 
ebhoxide on cyanogen chloride or cyanuric chloride, is readily 
changed into an isooyanuric ester, e.g. ethyl isocyanurate, 

These isocyanurates are often formed instead of the normal 
compounds if the temperature is not kept low, e.g, when a 
cyanurate is heated with potassium ethyl-sulphate. They are 
further formed by the polymerization of the isocyanic esters, 
oeing thus obtained as by-products in the preparation of the 
latter. 

The constitution of the normal compounds is largely based 
on the fact that on hydrolysis they behave as normal esters 
and yield ethyl alcohol and cyanuric acid. The isocyanurates, 
on the other hand, usually yield primary amines, e.g, ethyl- 
amine, and hence presumably the alkyl group is attached to 
nitrogen in the isocyanurate molecule. 

For mixed normal iso-esters, see Hantzsch and JBatcer, B. 
1906, 38, 1005. 

D. Thiocyanie Acid and its Derivatives 

Nearly every oxygen derivative of cyanogen has a sulphur 
analogue. As examples, we have the salts of thiocyanie 
acid. 

Potassium thiocyanate, -sulphocyanate, -snlphocyanide, -rhod- 
anide, CNSK, is readily formed when potassium cyanide is 
fused with sulphur, or when an aqueous solution of KCN 
is evaporated with yellow ammonium sulphide. 

It is usually prepared by fusing potassium ferrocyanide with 
sulphur and potashes. It forms long colourless deliquescent 
prisms, extremely soluble in water with absorption of much 
heat, and also readily soluble in hot alcohol. Ammonium 
thiocyanate, CNS(NH 4 ), is formed when a mixture of carbon 
disulphide, concentrated ammonia, and alcohol (Millon) is 
heated, dithiocarbamate and trithiocarbonate of ammonia 
being formed as intermediate products: 

CS, + NH, = CNSF -f HaS. 

It forms colourless deliquescent plates, readily soluble in 
alcohol, and when heated to 130°-140® is partially transformed 
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into the isomeric thio urea, just as ammonium cyanate is into 
urea. It precipitates silver thiocyanate, CN8Ag (white), from 
solutions of silver salts, and is therefore employed in the 
titration of silver, with ferric sulphate as indicator; and it 
gives with ferric salts a dark blood- red coloration of am- 
monium ferrithioo3ranate, 2Fe(CNS)3, 9NH4CNS, 4H.2O. 
This last reaction is exceedingly delicate. Mercurous thio- 
cyanate, HgONS, is a white powder insoluble in water, which 
increases enormously in volume upon being burnt (Pharaoh^s 
serpents). The free thiocyanic acid, CNSH, as obtained by 
decomposing the mercurous salt with hydrochloric acid, is a 
pale-yellow liquid of pungent odour, but when pure is a 
colourless solid, m.-pt. 5"". The acid and its salts appear to 
have the normal structure H*3*C:N. At the ordinary tem- 
perature it polymerizes to a yellow amorphous substance, and 
decomposes in concentrated aqueous solution, with formation 
of persulphocyanic acid, CgN^SgHg (yellow crystals). 

Concentrated sulphuric acid aecomposes the thiocyanates 
with formation of carbon oxy - sulphide : CNSH + HgO 
= COS + NH3; sulphuretted hyarogen decomposes them into 
carbon disulphide and ammonia: CNSH-j-H^S = CSg + NHg. 

The alkyl derivatives of thiocyanic acid exist in two distinct 
forms, corresponding with the normal and iso-cyanates. 

Normal Thiocyanates. — Ethyl thiocyanate, NjC-S-CHg* 
CH3, is obtained either (1) by the distillation of potassium 
ethyl -sulphate with potassium thiocyanate, or (2) by the 
action of cyanogen chloride upon ethyl mercaptide. It is a 
colourless liquid with a peculiar pungent odour of leeks, boils 
at 142°, and is almost insoluble in water. Alcoholic potash 
hydrolyses it in the normal manner, yielding ethyl alcohol 
and potassium thiocyanate; in other reactions, however, the 
alkyl radical remains united to sulphur; thus nascent hydro- 
gen reduces it to mercaptan, and fuming nitric acid oxidizes it 
to ethyl-sulphonic acid. 

These reactions, combined with its formation from a mer- 
captide, indicate that the ethj^l group is directly attached to 
sulphur, viz. CgHg-S'C-N. 

AUyl thiocyanate, N-C-S-CgHc, is a colourless liquid smell- 
ing of leeks.* It boils at 161°, and when distilled is converted 
into the isomeric mustard oil. 

The iso-thiocyanates are usually known as mustard oils, 
and are more stable than the normal thiocyanates. They 
contain the alkyl radical attached to nitrogen, and not to 
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sulphur (cf. Isocyanates), since on hydrolysis they yield 
primary amines, e.g.', 

S:C:NEt + 2H2O = H^S + COj + NHgEt, 
and also on reduction: 

S:C:NEt + 4H = NHgEt + CHaS. 

The thiomethylene formed in this last reaction immediately 
polymerizes to (CH 2 S) 8 . The commonest iso-thiocyanate is 
allyl mustard oil, commonly known as mustard oil, since the 
odour and taste of mustard seeds (Sinapis niger) are due to 
this compound. It does not exist as such in the seeds, but 
is formed from a glucoside, potassium myronate, when the 
seeds are pulverized and left in contact with water. The 
reaction is a process of fermentation, and is due to the 
presence of an enzyme, myrosin, in the seeds: 

C 10 H 1 A 0 NS 2 K = CeHi208 + KHS04 + SCNC8H,. 

It is a liquid sparingly soluble in water and of exceedingly 
pungent odour, which produces blisters on the skin, and boils 
at 151°. It is also obtained by distilling allyl thiocyanate, 
owing to a molecular rearrangement, or by the action of 
carbon disulphide upon allylamine: 

CSa + NHj.CjHfi = CS : N • CgH^ + HjS. 

This reaction proceeds in two stages, a dithiocarbamate, 
CgHgNH-CS-SNHgCgHj, the allylamine salt of allyl-dithio- 
carbamic acid being first formed, and this is changed into allyl 
iso-thiocyanate when distilled with mercuric chloi-ide. (See 
Dithiocarbamic acid, p, 306.) 

Ethyl iso-thiocyanate, CgH^NrCS (b.-pt. 134°), and methyl 
iso-thiocyanate, CHgNcCS (solid, m.-pt. 34°, b.-pt. 119°), &c., 
closely resemble the allyl compound, and are obtained in an 
analogous manner by the action of carbon disulphide upon 
ethylamine, methylamine, &c. 

The mustard oils are also obtained by distilling alkylated 
thio-ureas (p. 307) with syrupy phosphoric acid {Hofmann^ 
B. 16, 986), or with concentrated hydrochloric acid. 

E. Gyanamide and its Derivatives 

The Amide of Cyanic Acid. — Cyanamide, N-C-NH^, is 
formed by leading cyanogen chloride into an ethereal solution 
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of ammonia, CNCl + 2NH3 = CN-NHg + or by 

the action of HgO upon thio-urea in aqueous solution (“de- 
sulphurization NHg.CS.NHg = NC.NH2 + H2S. 

It is a colourless crystalline hygroscopic mass, readily 
soluble in water, alcohol, and ether. It melts at 40°, and 
when heated to 150° changes into the polymeric dicyan-diamide 
with explosive ebullition j the same change occurs on evaporat- 
ing its solution or allowing it to stand. Dilute acids cause it 
to take up the elements of water, with formation of urea: 


N-C.NHj 
+ H2O 


= co< 


NH, 

NH,; 


and it combines in an analogous manner with hydrogen sul- 
phide to thio-urea. When heated with ammonium salts, it 
yields salts of guanidine. 

Cyanamide behaves as a weak base, forming crystalline, 
easily decomposable salts with acids and, at the same time, 
as a weak acid, yielding a sodium salt, CN-NHNa, a lead 
and a silver salt, &c. The last is a yellow powder, and has 
the composition GNgAgg. 

The calcium derivative of cyanamide, N|C«NCa, is manu- 
factured for use as a fertilizer, as, in the soil, the nitrogen be- 
comes available for the plant in the form of ammonia. It is 
manufactured by passing air or nitrogen over calcium carbide 
at about 800°-1000°, 

CaCa + Na = CaCNa + C, 

or by passing nitrogen over a mixture of lime and carbon 
heated to 2000°. An excess of carbon is used, and the crude 
product, which forms a black powder, contains 14-23 per cent 
of nitrogen (cf. Abs. 1904, i. 562). The presence of a small 
amount of calcium chloride accelerates the absorption of nitro- 
gen by calcium carbide. 

For constitution, cf. Werner^ J. C. S. 1915, 107, 716; also 
Colson, 1917, 111, 554. 

1. Methyl- and ethyl-cyanamides are prepared for methyl 
and ethyl thio-urea. Diethyl-cyanamide, 015^2(^2^5)2, and its 
homologues lire obtained by the action of alkyl iodides or sul- 
phates on crude calcium cyanamide (B. 1911, 44, 3149). Acids 
hydrolyse the ethyl coiifpound to COy, NHg, and NH(C2H5)2, 
hence it possesses the structure N:C*N(C2H5)2: 

N:C.N(02ll5)2 + 2H20 = NH3 -h COg -f NH(C2H5)2. 
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2 . Other cyanamide derivatives, which are chiefly known in 
the aromatic series, are derived from a hypothetical isomer 
of cyanamide, viz. carbo-di-imide, NH:C:NH; for instance, 
diphenyl-carbodiimide, CN 2 ((iH 5 ) 2 . Boiling with acids like- 
wise decomposes them into CO 2 and an amine, but the latter 
can only be a primary one. 


XIIL CAEBONIG ACID DERIVATIVES 

Carbonic acid is a dibasic acid, forming two series of 
Balts, e.g, Na 2 C 08 and NaHCOg. The acid itself, COgHg, 

= is unknown, but may be supposed to exist 

in the aqueous solution. It is the lowest hydroxy -acid 
DnHanOg, i,e. it is homologous with glycollic acid, and may 
be regarded as hydroxy-formic acid. As both hydroxyls are 
linked to the same carbon atom, the non-existence of the free 
hydrate is readily understood (see p. 130, &c.). 

The salts of carbonic acid and several simple derivatives of 
3 arbon are usually treated of under inorganic chemistry. The 
Bsters, chlorides, and amides of carbonic acid, like the salts, 
Form two series. The normal compounds, e,g, CO(OC 2 H 5 ) 2 , 
3 thyl carbonate, COClg, carbonyl chloride, and CO(NHq) 2 , 
carbamide or urea, are well characterized, and are very similar 
jO those of oxalic or succinic acid; the acid compounds, e.g. 
JH-CO-OCgHr, ethyl hydrogen carbonate, OH -CO -Cl, chloro- 
jarbonic or chloroformic acid, and OH-CO-NHg, carbamic 
icid, on the other hand, are unstable in the free state, but 
:orm stable salts. Many mixed derivatives are known, e.g. 
3 thyl carbamate, NHg • CO • OEt, which is an ester and an 
icid amide, analogous to oxamethane (p. 244); CDCO-OCgHg, 
3thyl chloro-carbonate, which is an ester and an acid chloride. 

• 

A. Esters 

Ethyl carbonate, 00 ( 002115 ) 2 , is formed by Ijhe action of 
)thyl iodide upon silver carbonate, or by the action of alcohol 
ipon ethyl chloro-carbonate, and therefore indirectly from 
5arbon oxy-chloride and alcohol: 

a-OO.OCaHg-l-CgHjOH = CO(OC2H5)2 + HCL 
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It is a neutral liquid of agreeable odour, lighter than water, 
and boils at 126®. 

Analogous methyl and propyl esters are known, and also 
esters containing two different alkyl groups. It is a matter 
of no consequence which of these radicals is introduced first 
into the molecule, a proof of the symmetrical arrangement of 
the two hydroxyls. 

Ethyl hydrogen carbonate, HO-CO^O-OgHg, a type of an 
acid ester, corresponds exactly with ethyl hydrogen sulphate, 
but is much less stable, and only known in its salts. Potas- 
sium ethyl carbonate, KO-CO-uCgHg, is obtained by passing 
CO2 into an alcoholic solution of potassic ethoxide: COg 
+ KOC2H5 = C03(C2H5)K. It crystallizes in glistening 
mother-of-pearl plates, but is decomposed by water into 
potassium carbonate and alcohol. 

B. Chlorides of Carbonic Acid 

Carbon oxy * chloride, Carbonyl chloride^ phosgene^ COClg 
(i7. Davy), is the true chloride of carbonic acid and is analogous 
to sulphuryl chloride, SOgClg. It is obtained by the direct 
combination of carbon monoxide and chlorine in sunlight, and 
also by the oxidation of chloroform by means of chromic acid. 
It is a colourless gas, condensing to a liquid below +8®, ol 
exceptionally suffocating odour, and is readily soluble in 
benzene or toluene. As an acid chloride it decomposes 
violently with water into CO2 and HCl. It therefore trans- 
forms hydrated acids into their anhydrides, with separation 
of water, and converts aldehyde into ethylidene chloride. It 
yield urea derivatives with secondary amines of the fatty 
series, and carbamic chlorides with secondary amines of the 
aromatic (B. 20, 783). 

Chloro-carbonic acid, Chloro-formic acid. Cl -CO -OH, the 
half acid chloride of carbonic acid, is analogous to chloroxalic 
acid (p. 242), but is so unstable that it is unknown in the free 
state. Its esters, however, e.g, ethyl chloro-caxbonate, ethyl 
chloTO-formate, Cl • CO • OCgHc, may be prepared by the action 
of carbon oxy^chloride upon alcohols {Dumas, 1833): 

COCI2 + C2H5OH = Cl-CO.OOgH^ + HCl. 

The ethyl ester is a volatile liquid of very pungent odour, 
which boils at. 93°. It reacts as an acid chloride, being decom- 
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posed by water, and is specially fitted to effect the synthetical 
entrance of the carboxyl group into many compounds. 

The esters and acid chlorides just described are derived 
from ordinary carbonic acid, H2CO3, the analogue of meta- 
silicic acid, HgSiOg. Although an ortho-carbonic acid itself, 
C(0H)4, is unknown, certain derivatives are readily prepared. 
Carbon tetrachloride may be regarded as the chloride of 
ortho-carbonic acid. It is much more stable than ordinary 
acid chlorides, and at high temperatures only is it decomposed 
by alkalis, yielding alkali chloride and carbonate. 

The esters of ortho-carbonic acid, e.g, ethyl ortho-carbonate, 
C(OC2 Hq) 4, are readily obtained by the action of sodium alco- 
holates on chloropicrin (p. 100). They are colourless oils with 
fragrant odours. The ethyl ester boils at 158°, and the propyl 
at 224°. When hydrolysed, they yield an alkali carbonate and 
the alcohol. 


C. Amides of Carbonic Acid 


The normal amide of carbonic acid is urea or carbamide, 
NHo*CO«NH^, the amic acid is carbamic acid, HO’CO-NHg. 
Imiao-carbonic acid, HN:C(OH)^, would be an imide of car- 
bonic acid, but it is only known in its derivatives {Sandmeyer^ 
B. 19, 862). 

The amidine of carbonic acid is gpianidine. The “ortho- 
amide” of carbonic acid, which would possess the formula 
C(NH.,)4, is unknown; when it might be expected, guanidine 
and ammonia are formed instead. 

The modes of formation of urea and of carbamic acid are 
exactly analogous to those of the amides in general: 

1 . By the action of ammonia upon ethyl carbonate ; 


CX)(OC2H6)2-f 2NH3 = C0 (NHo)2-1-2C2H6.0H. 
C0(0C2H5)2-H NH3 = NHa-CO-OCgHB + CgHfiOH. 


2. By the abstraction of the elements of water from car- 
bonate or carbamate of ammonia. Dry carbon dioxide and 
ammonia combine together directly to ammonium carbamate 
the so-called anhydrous carbonate of ammonia, NHo'CO* 
ONH4, which is transformed into urea when heated to 135°, 
or when exposed to the action of an alternating current of 
electricity : 


NHa-CO.ONH4 = COiNR^., + H p. 
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3 . By the aotioii of ammonia upon carl>onyl cliloricle and its 
derivatives: 

COCL + 4Nllo == (X)(NH2). + 2NH401. 

CX)(OCVl6)Cl + 2NB; = CO(OCVlf,)NH2 + Nil4Cl. 

Carbamic acid, NHg-CO-OH, is known only in the form 
of derivatives; the ammonivm salt, NH 2 «CO‘ONH 4 , forms a 
white mass, and dissociates at 60° into 2 NH 3 + CO„. Its 
aqueous solution does not precipitate a solution of calcium 
chloride at the ordinary temperature; but when boiled it is 
hydrolysed to the carbonate, and calcium carbonate is then 
thrown down. 

Urethane, Ethyl carbamate^ NHg • CO • OC 2 H 5 , is formed 
according to method 3, and by the direct union of cyanic 
acid with alcohol; also from urea nitrate and sodium nitrite 
in presence of alcohol. It forms large plates, is readily 
soluble in water, melts at 50°, and boils at 184°. It acts 
as a soporific, and on hydrolysis with alkali yields the alkali 
carbonate, ammonia and ethyl alcohol. One of its hydrogen 
atoms is replaceable by sodium. Urethane may be employed 
instead of cyanic acid for certain synthetic reactions (B. 23, 
1856). 

Analogous methyl and propyl esters of carbamic acid are 
known, and are also termed urethanes. 

Carbamic chloride, NHg-CO-Cl, obtained by the action of 
hydrogen chloride upon cyanic acid {Wohler^ A. 45, 357), and 
of carbonyl chloride upon ammonium chloride at 400°, forms 
long, compact, colourless needles of pungent odour. M.-pt. 50°, 
b.-pt. 61°-62°. It reacts violently with water, amines, &c., and 
serves for the synthesis of organic acids (see these). 

Ethyl imido-dicarboxylate, NH(C 02 C 2 H 5 ) 2 , is the imide 
corresponding with the amide urethane. It may be prepared 
from the sodium compound of urethane and ethyl chloro- 
carbonate. It forms colourless crystals, melting at 50°. By 
the exchange of one ethoxy (OQ 2 H 5 ) group for an amido (NHg) 
group, it gives rise to allophanic ester, and by the exchange of 
two, to biuret (see p. 300). 

Urea, Carbamide, CO(NH 2 ) 2 , was first found in urine in 
1773. It is Contained in the urine of mammals, birds, and 
some reptiles, and also in« other animal fluids. An adult man 
produces about 30 gms. daily, and it may be regarded as the 
final decomposition product formed by the oxidation of the 
nitrogenous compounds in the organism. 
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It has been shown that ammonium cyanate and urea are 
formed when a very dilute solution of glucose (p. 320) in 
strong ammonia is oxidised. Larger yields are obtained by 
oxidising an ammoniacal solution of formaldehyde. It is 
possible that this represents the changes which take place in 
the animal system, viz. glucose — formaldehyde — ► ammonium 
cyanate — carbamide (Fosse^ C. R 1919, 168 , 164). 

It may be prepared by the action of ammonia on ethyl car- 
bonate, ethyl carbamate, or phosgene, and synthetically by the 
molecular transformation of ammonium cyanate, by warming 
its aqueous solution or allowing it to stand (cf. pp. 1 and 282) : 

N:C.0NH4 NHg-CO-NHg. 

The reaction is reversible, and hence the process is never 
complete. When equilibrium is reached, only a very small 
amount of untransformed cyanate is left, and the equilibrium 
is practically independent of the temperature. The reaction 
has been shown to be a typical bimolecular one {Walker and 
Hamhly, J. C. S. 1895, 746). 

The reaction is represented as follows by Ohattaway (J. C. S. 
1912, 101 , 170. Compare also JV&rner^ ihid. 1913, 103 , 1010, 
2275; 1914, 105 , 926): 

NR-N.-CiO — HN:C:0-f NHg -- 

nN:C(OH)NH2 -> NHa-CO-NH^. 


According to Chattaway the isocarbamide, HN:C<^^g , is 

first formed, and then passes over into the true amide. Werner^ 
on the other hand, concludes that ammonium cyanate has the 
normal structure H^N-O-C-N. At low temperatures this 
exists in the state of equilibrium: 

NH^-O'CfN ini NHa-f OH*C:N (normal or EnolX 
but at higher temperatures : 

NH4‘0.C:N — NHg-f H.N:C:0 (iso or Keto), 


and that the ammonia and iso-form can react to produce urea, 

yNHo 

to which the cyclic structure H*N:C<r • ^ is attributed. 


This formula is in perfect harmony with the fact that when 
urea is heated it breaks up into ammonia and cyanic acid, 
the latter of which polymerizes to cyanuric acid, biuret, and 
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ammelide. The formation of biuret is represented by the 
following scheme: 

HNiC.OH HgN.rrO 

HN:C<n5* + HN:0:O — — ^NH 

136-190 HjN-C^O 

and of ammelide, as : 

NH<S:Sh: + H-N:C:0 ^ NH4:g;Ng>C:NH -h H,0 

Biuret Ammelide. 


It is interesting to note that when urea and its homologues 
are methylated by means of methyl sulphate O-methyl deriva- 
tives, e,g, HN:C(NH 2 )OMe, are formed {Werner), 

It is usually prepared by mixing a solution of potassium 
cyanate (from the ferrocyanide) with ammonium sulphate «and 
evaporating the mixture (ammonium cyanate is first formed 
and gradually changes to urea), or by evaporating urine, add- 
ing nitric acid, and decomposing the separated and purified 
nitrate of urea by barium carbonate. 

It is also formed by heating a solution of carbon monoxide 
in ammoniacal cuprous chloride : 

00 + 2 NHg + CugClg = C0(NH2)2 + 2 HCl + 2 Cu. 

It crystallizes in long rhombic prisms or needles, has a 
cooling taste, is very readily soluble in water, also in alcohol, 
but not in ether. It melts at 132°, sublimes in vacuo without 
decomposition, and when strongly heated yields ammonia, 
cyanuric acid, biuret, and ammelide. As an amide it is 
readily hydrolysed by boiling with alkalis or acids, or by 
superheating with water (cf. Fawsitt, J. C. S. 1904, 1581; 
1905, 494): 

C0(NH2)2 + H2O = 002 + 2 HN3. 

It forms a definite compound with hydrogen peroxide. 

Nitrous acid reacts with it to produce carbon dioxide, 
nitrogen, and water: 

00(NH2)2 + 2 NO 2 H ^ CO 2 + 2 Ng + 3 H 2 O. 

Sodium hypochlorite and hypobroinite act in a similar 
manner (Davy, Knop). Hufner^s method of estimating urea 
quantitatively* depends upon the measurement of the nitrogen 
thus obtained (J. pr. Oh. ^[2], 3, 1; cf. also B, 24, Kef. 330). 
Urea also reacts with bromine and alkalis in much the same 
manner as the lower acid amides {Hofmann reaction p. 191), 
yielding carbon dioxide and the corresponding amine, hj^dra- 
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zine (C. Z. 1905, i, 1227), which is best removed by the 
addition of l)enzaldehyde. Ib*ea is readily estimated by 
conversion into ammonia, either ])y heating with pure crys- 
tallized magnesium chloride and a little hydrochloric acid 
or by means of an enzyme (a urease) contained in soya 
beans. 

Urea reacts with an aqueous solution of chlorine, yielding 
the dichloro-derivative CO(NHCl)2. With acids this forms 
nitrogen trichloride, and with ammonia it yields diurea or 

paraurazine, {Chattaway, J. 0. S. 1909, 

129, 235). When warmed with alcoholic potash to 100®, urea 
is converted into cyanate of potassium anil ammonia. 

The basic character of the amino groups is greatly weakened 
in urea by the presence of the negative carbonyl. Among 
the salts of urea with acids may be mentioned urea nitrate, 
CON2H4, HNO3, which crystallizes in glistening white plates, 
readily soluble in water, but only slightly in nitric acid; also 
the cUoride, oxalate, and phosphate. But like acetamide, 
urea also forms salts with metallic oxides, especially with mer- 
curic oxide, e.g, CON2H4, 2HgO; finally, it yields ciystalline 
compounds with salts, e,g, urea sodium chloride, CONgH^, 
NaCl, HgO (glistening prisms), and urea silver nitrate, 
CON2H4, AgNOg (rhombic prisms). The precipitate which 
is obtained on adding mercuric nitrate to a neutral aqueous 
solution of urea has the formula 2CON2H4, Hg(N03)2, 3HgO; 
upon its formation depends Liebig^s method for titrating urea. 
(See the memoirs of Pfluger and Bohland on the subject, e.g. 
Pjiuger, Arch. f. Phys. 38, 575.) 

Isomeric with urea is the amidoxime, isuret or methane 
amidoxime, NH:CH-NH-OH, which is obtained from HCN 
and NH2OH; it crystallizes in prisms (see p. 188). 

Closely related to carbamide, NHn'CO-NHo, is semicar- 
bazide or semihydrocarbazide, NHg-CO'NH.NHo, which is 
the half amide and half hydrazide of carbonic acid. It may 
be prepared from potassium cyanate and hydrazine hydrate. 
It is a basic substance, melts at 96°, and is usually met with 
in the form of its hydrochloride. It reacts with aldehydes 
and ketones in much the same manner as» phenyl-hydrazine, 
yielding condensation products known as semicarbazones : 


CflHg.CK^.CHg + NHg-NH.CO-NHg 

= HgO + CgHg . CXCHg) ! N • NH • CO * NH.2, 
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which crystallize well, and have well-defined melting-points 
(see p. 142). 

Alkylated ureas are obtained by the exchange of the amido 
hydrogen atoms for one or more alkyl radicals. 

They are produced by Wohler^s synthetical method, viz. by 
the combination of cyanic acid with amines, or of cyanic esters 
with ammonia or amines, thus : — 

CO.NCgHfi + NHj.CaHfi = CO(NH.C2H6)2. 

Also from amines and carbon oxy-chloride. As examples ma\ 
bo mentioned: 

Methyl urea, ; a-Diethyl urea, CO<^g j 

Ethyl urea, CO'xNH^CjHj’ /^-Diethyl urea, 


Certain of them closely resemble urea ; others, however, are 
liquid and volatilize without decomposition. Their constitution 
follows very simply from the nature of the products which 
are formed on hydrolysis; thus a-diethyl urea breaks up into 
carbon dioxide and ethylamine, and the compound into 
carbon dioxide, ammonia, and diethylamine, in accordance 
with the generalization enunciated on p. 98, that alkyl radi- 
cals which are directly united to nitrogen are not separated 
from it on hydrolysis. 

Acyl Derivatives. — By the entrance of acyl radicals into 
urea, its acid derivatives or ureides are formed. These are 
formed by the action of acid chlorides or anhydrides upon 
urea, or by the action of phosphorus oxy-chloride upon the 
salts of urea with organic acids. The simple ureides correspond 
in many respects with acid amides or anilides, have neither 
distinctly acid nor basic properties, and may be hydrolysed to 
the acid and urea or its products of decomposition (p. 293). 
To this class belong acetyl urea, NHo-CO-NH-CO-CHg, and 
allophanic acid, NHo-CO-NH-COgH. Hydroxy -monobasic 
acids also form ureides, not dnly in virtue of their acidic 
nature, but as alcohol and acid at the same time, thus: — 


Hydantoic acid^ CO<^ 
Ilydantotn, CO<^ 


NH-CHo.COgH 

NH 

NH^-CgHa l^ctyl urea. 
Nil. CO, 


CO< 


NH.CH.CH3 

NH.CO. 


HydantoYn or glycolyl urea (needles, neutral) and hydantoic 
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acid or glycolvnric acid (prisms), are derivatives of gly collie acid ; 
the former on hydrolysis yields hydantoic acid, which in its 
turn is broken up into COg, NHg, and glycocoll. They are 
obtained from certain uric acid derivatives {e.g, allantoin) by 
the action of hydriodic acid, and also synthetically, for in- 
stance, hydantoic acid from glycocoll and cyanic acid. A 
methyl- hydantoVn, C3H3(CH3)N202, results from the partial 
hydrolysis of creatinine (p. 308 ), NH being replaced by 0 . 

Substituted hydantoins are also formed by the action of 
hypochlorites or hypobromites on dialkylated malonamides, 
e.g. diethylmalonamide, CEto(CONH2)2, gives diethylhydantoin. 

Just as the dibasic acids — oxalic, malonic, tartronic, and 
mesoxalic — yield amides with ammonia, so with urea they form 
compounds of an amidic nature. In such reactions either two 
molecules of water are eliminated, so that no carboxyl remains 
in the compound, or only one molecule is eliminated and a 
carboxyl ^roup is retained. In the former case the so-called 
cyclic ureides are obtained, and in the latter the nreido-acids, 
e.g. from oxalic acid, parabanic and oxaliiric acids : 


CO. OH /NH.CO 

CO. OH ^^XNH-CO 


^'-^'vNH.CK).C02H 


Oxalic acid. Cyclic ureide (parabauic acid). Ureido-acid (oxaluric acid). 


In an analogous manner the ureide barbituric acid, C4H4N2O3, 
is derived from malonic acid, the ureide dialuric acid, C4H4N2O4, 
from tartronic acid, and the ureide alloxan, C4H2N.,04, and 
ureido-acid alloxanic acid, C4H4N2O3, from mesoxalic acid. 
These are solid and, for the most part, beautifully crystallizing 
compounds of a normal amidic character, and therefore readily 
hydrolysed to urea (or CO2 and NHg) and the respective acid. 
The ureido-acids may be regarded as half-hydrolysed ureides, 
and may be prepared from the latter in this manner. As they 
contain a carboxyl group, they still possess acidic properties. 

The constitution of the various cyclic ureides and ureido- 
acids follows in most cases from the products they yield on 
hydrolysis, and also from their synthetical meth^s of for- 
mation and their relationships to one another. 

Some of these ureides ar^ obtained synthetically from urea 
and the requisite acid often in the presence *of phosphorus 
oxy-chloride, e.g. malonyl-urea (bai;bitui‘ic acid). 




from urea and malonic acid. Many can be obtained by the 
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oxidation of various complex natural products, e,g, alloxan or 
parabanic acid by oxidizing uric acid with nitric acid. 

Most of the ureides have the character of more or less 
strong acids. Since this acid character is not to be explained, 
as in the case of the ureido-acids, by the presence of carboxy l 
groups, one must assume that it depends upon reasons similar 
to those which apply in the case of cyanic acid and of suc- 
cinimide, viz. that the replaceable hydrogen atoms are imido- 
hydrogen atoms, the acidic nature of which is determined by 
the adjacent carbonyl groups. This explains, for instance, why 
parabanic acid is a strong dibasic acid. 

Only a few of the more important among these compounds 
can be discussed here. The names given to the majority of 
them have no relationship to their constitution, and were as* 
signed to them before the constitutions had been determined. 

yNH . CO 

Parabanic acid, Oxalyl urea^ CO* 

by the action of nitric acid upon uric acid, or of oxalyl chloride 
on urea, and crystallizes in needles or prisms soluble in water 
and alcohol. The salts, e,g, CgHKNgOg, CgAggNgOg, are un- 
stable, being converted by water into salts of oxalnric acid, 
NHg.CO.NH.CO.COoH, which crystallize well. 

A methyl - parabanic acid, and a di- 

^NH — CO 

methyl - parabanic acid, the so-called ** cholestrophane ”, 

^^/NMe.CO 

CO<r • , are also known. The former is prepared 

\NMe.CO ^ ^ 

by the action of nitric acid upon methyl-uric acid, and crystal- 
lizes in prisms, while the latter is obtained from theine with 
nitric acid or chlorine water, and also by the methylation of 
parabanic acid, i,e. from the silver salt and methyl iodide. It 
crystallizes in plates and distils without decomposition. 

Methyl- uracyl, CO<JJ§ [ is produced by 

the action of urea upon acetoacetic ester, water and alcohol 
being eliminated {Behrend, A. 229, 1, and p. 238). When it 
is treated with nitric acid, a nitro-group enters tne molecule, 
and the methyl-group is oxidized to carboxyl, thus forming 
S-nitro-uracyl-d-carbozylib acid. 


CO<rgg’g g”«°>> C(NO.). 
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Tin's in its turn can give up carbon dioxide and pass into 
6-nitro-uracyl, 

which yields upon reduction with tin and hydrochloric acid 
5-ami no-uracyl and isobarbiturio acid, 6-hydroxy-uracyl^ 

«<nh:co>-oh. 

This last is oxidized by bromine water to isodialuric acid, 

co<Sl:g?^oHx 


from which uric acid may be synthesised by warming with 
urea and sulphuric acid (see p. 301). 

^ NH • CO 

Barbituric acid, Malonyl urea, crys- 

tallizes in large colourless prisms (+ 2H2O). The hydro- 
gen atoms of the methylene group are reactive (cf. ethyl 
malonate), and can be replaced by bromine, -NOg, :N*OH, 
metals, &c. The metallic radicals in their turn can be 
replaced by alkyl groups. The dimethyl derivative when 
hydrolysed yields carbon dioxide, ammonia, and dimcthyl- 
malonic acid, thus indicating that the methyl groups have 
replaced the methylene hydrogen atoms. The iso -nitroso 

derivative, CO<^^®’qq^;N‘OH, violuric acid, can also 

be obtained by the action of hydroxylamine on alloxan, and 
on reduction yields amino-barbituric acid (uramil), from which 
pseudouric and uric acids have been synthesised (p. 301). 
Diethylbarbituric acid (veronal) is used as a soporific. 

Dialuric acid, Tartronyl urea, CO<^^jj[qq^CH«OH, crys- 
tallizes in colourless needles or prisms which redden in the 
air. It is a strong dibasic acid, and on oxidation yields allox- 
antin. 

NH 'CO 

Alloxan, Mesoxalyl urea, CO<^j^jj’qq^CO, may be pre- 
pared from uric acid by oxidation with cold HNO3. It forms 
largo colourless glistening rhombic .prisms (+4H2O), is readily 
soluble in water, and has strongly acidic properties. It colours 
the skin purple-red, and with ferrous sulphate solution pro- 
duces an indigo-blue colour. It combines with NaHSOg, and 
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readily changes into alloxantin. The corresponding ureido- 
acid, alloxanic acid, NH 2 • CO • NH • CO • CO • COgH, which 
alloxan yields even with cold alkali, forms a radiating crys- 
talline mass readily soluble in water. Methyl- and di- 
methyl alloxan are also known, and may be obtained by 
the action of nitric acid upon methyl-uric acid and caffeine 
respectively. 

The diureide alloxantin, CgH^O^-N^, stands midway in 
composition between tartronyl- and mesoxalyl-urea, by the 
combination of which it is formed. It may also be obtained 
by the action of HgS on alloxan, or directly from uric acid 
and HNOg. It crystallizes in small hard prisms (+ SH^O), 
which become red in air containing ammonia, their solution 
acquiring a deep-blue colour on the addition of ferric chloride 
and ammonia. The tetramethyl derivative, amalic acid, 
C 3 (CH 3 ) 4 N 407 , is obtained by oxidizing theine with chlorine 
water, and forms colourless crystals which redden the skin 
and whose solution is turned violet-blue by alkali. Both these 
compounds yield, upon oxidation, first alloxan or its dimethyl 
derivative, and then parabanic or dimethyl -parabanic acid. 
Alloxantin probably has the constitution: 

CO<Nn:c8>CH-O.C(OH)<g;NH\cO. 

When heated with ammonia it is converted into murexide, 
the acid ammonium salt of purpuric acid, CgH^NgO^, which is 
the acid form of barbituryl iminoalloxan : 

(J. pr. 1905, [ii], 73, 449), which is formed when uric acid is 
evaporated with dilute nitric acid, and ammonia added to the 
residue; this constitutes the “murexide test” for uric acid. 
Murexide crystallizes in four-sided plates or prisms {+ HgO) 
of a golden-green colour, which dissolve to a purple-red solu- 
tion in water and to a blue one in potash. The free acid is 
incapable of existence. 

Allantoin js a diureide of glyoxylic acid, of the constitution 
.Np.CH.NH.CO.NHg 

and is found in the allantoic liquid of the cow, the urine of 
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sucking calves, &c. It forms glistening prisms, and can be 
synthesized from its components. 

Biuret, NH^-CO-NH-CO-NHg, is obtained by heating urea 
at 160° (for mechanism, cf. Wernefi\ J. C. S. 1913, 103, 2278). 

2NH,.OO.NH, = NH3 + NH(C0.NH3)2. 

It crystallizes in white needles (+ H^O), and is readily 
soluble in water and alcohol. The alkaline solution gives a 
beautiful violet-red coloration on the addition of a little cupnc 
sulphate — the “biuret reaction”. Biuret is also formed by 
the action of ammonia upon the allophanio esters, crystalline 
compounds sparingly soluble in water, which are prepared 
from urea and chloro-carbonic esters, thus: — 

COCNHj^ + Cl.OOjCaHfi = NHj.CO-NH.COaCjjH, + HG. 

Allophanic acid itself is not known in the free state, as it 
immediately breaks up into urea and carbon dioxide. Biuret 
may be regarded as its amide. 

The Purine Oroup {E. Fischer, B. 1899, 32, 436; 36, 2564).— • 
A number of relatively complex cyclic diureides derived from 
1 molecule of hydroxy dibasic acids and 2 of urea are known. 
One of the most important of these is uric acid. 

The parent substance of this group of compounds is purine 
{E. Fischer, B. 1899, 32, 449). 

Purine ; 

.N = OT, 

2CH 6C • NH\ 8 
•• •• >CH 

3N-C n/ ’ 

4 9 

is usually obtained from uric acid: 

NH.OO 

which reacts with phosphorus oxy-chloride as the tautomeric 
trihydroxy purine: 


N = C-OH ^ 
C-OH 
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yielding the corresponding trichlorpurine: 

N=ca 
ca c. 

N — C- 



and this on reduction yields purine itself. It is a colourless 
crystalline compound, melts at 216° and is both an acid and a 
base. It dissolves readily in water, and is not easily oxidized. 
The atoms of the ring are usually numbered as indicated. 

Uric acid is the keto form of 2\^\^4rihydroxy-puriney and 
has the constitutional formula: 


NH.CO 
CO C-NII 
NH-C-NH 



Uric acid and many other compounds containing the 
• NH'CO* group, as tautomeric substances, behave in certain 
reactions as ketonic compounds and in other reactions as hy 
droxylic derivatives, i.e, they exhibit keto-enolic tautomerism. 

It is a common constituent of the urine of most carnivorous 
animals, whereas that of herbivorous animals contains hippuric 
acid. It is also found in the blood and muscle juices of the 
same animals, and would appear to be the oxidation product 
of the complex nitrogenous compounds contained in the 
organism. It is also contained in the excrement of birds, 
serpents, and insects, and in guano. 

Synth^es, — 1. By heating glycocoll with urea (HorbaczewsJdf 
B. 16, 2678). 

2. By heating isodialuric acid (p. 29^ with urea and concen- 
trated sulphuric acid {R. Behrena a.n6 0. Boosen^ A. 261, 236); 


NH.CO 
CO C.OH 
NH-C-OH 



NH-OO 

CO C.NH\^^ . „ 


3. By heating cyano-acetit acid with urea (TraubCy B. 1891, 
24, 3419; 1900, 33, 3036). 

4. By heating pseudouric acid with hydrochloric acid when 
water is eliminated (E, Fischer^ B. 1897, 30, 669): 

NH-CO . NH.CO 

00 CH.NH.CO.NH 2 = HjO+OO C.NH\^(^ 
NH.CO NH.C.NH/ 
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The pseudo acid is obtained as the potassium salt by the 
condensation of amino-barbituric acid (p. 298) with potassic 
cyanate : 

NHCO NHCO 

CO OH^NHa+IICNO = CO CH-NH-CO-NHa (j5a«yer). 
NH-CO NH.OO 


It is usually prepared from guano and the excrement of 
serpents, and crystallizes in sm^l plates; is almost insoluble 
in water, and quite insoluble in alcohol or ether. Uric acid 
is a weak dibasic acid; its common salts are the acid ones, 
e.p. CgHgOgN^K, a powder sparingly soluble in water. The 
lithium and piperazine salts are somewhat more soluble, and 
hence are used in medicine for removing uric acid from the 
human system. 

When the two lead salts are treated with methyl iodide, 
methyl- and dimethyl uric acids are obtained, both of which 
also are weak dibasic acids, since they still contain replaceable 
imido-hydrogen atoms. 

Comtitutioih . — The constitutional formula, given above, was 
first proposed by Mediciis, and afterwards proved to be correct 
by E, Fischer (A. 215, 253). The more important arguments 
used were: — (1) Uric acid yields alloxan and urea when 
cautiously oxidized, this proving that we have to deal here 
with a carbonic acid derivative and a carbon chain, C«C«G; 
(2) uric acid contains four imido groups, since, by the intro- 
duction of four methyl groups, one after the other, four mono- 
methyl, various di- and trimethyl, and one tetramethyl uric 
acids are obtained. When the tetramethyl acid is hydrolysed 
with concentrated hydrochloric acid all the nitrogen is elimi- 
nated as methylamine, and thus each methyl group is probably 
attached to a nitrogen atom; (3) dimethyluric acid yields 
methylalloxan and methylurea on oxidation. 

Uric acid is usually recognized by its sparing solubility, and 
by its giving the murexide test. * 


Xanthine, 2\^-Dihydroxy-]mrine^ or the corresponding keto 
form: 


NH.CO 


NH.CO 


(X) C.NH\ 
NH-C — n/ 


CH 


Xanthine 


CH 6.NH\ 

S_g-N>’ 


Hypoxan thine 
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may be obtained by the reduction of uric acid with sodium 
amalgam, or by the action of nitrous acid on guanine (amino 
hypoxanthine). It is a white amorphous mass, and is both 
basic and acidic. The lead salt, C^HoPbN^Og, is converted 
into theobromine by methyl iodide. (Cf. B. 1897, 30 , 2235; 
1900, 33 , 3035.) When oxidized it yields the same products 
as uric acid. 

Hypoxanthine, Sarcine^ or Q^oxy-puriney is sparingly soluble 
in water and closely resembles xanthine. 

Theobromine, 3 : 1-DimethyUxanthine^ 

NH— CO NMe.CO 

CO (j.NMev CO O-NMev 

NMe-C — NMe-C — N/^ ’ 

Theobromine Caifeine 

occurs in the beans of cacao; it is a crystalline powder of 
bitter taste, and is only sparingly soluble in water and alcohol. 
It forms salts both as a base and as an acid. The silver salt, 
G7HyAgN402, when treated with CH3I, yields caffeine or 
theine, l:Z:T4nmethyJr^nthine, which occurs in tea (2-4 per 
cent), coffee, and various plants. (For synthesis from dimethyl 
urea and malonic acid, see Fisch^, B. 1895, 28 , 3137; 1899, 
32 , 435; from cyanoacetic acid, 1900, 33 , 3035.) It crystal- 
lizes (+ H 2 O) in beautiful long glistening silky needles of 
faintly bitter taste, which are sparingly soluble in cold water 
and alcohol, and can bo sublimed. The salts are readily de- 
composed by water. Chlorine oxidizes it to dimethyl alloxan 
and monomethyl urea. Theophylline, I :S-dimethyl-xanthine, 
also occurs in tea. 

Onanine, 2-amino-Q-oxy-purinef or 2-amino-hypoxanthine^ and 
adenine, ^-amino-purine, both contain amino-groups, and are 
thus basic substances. Both compounds, together with xan- 
thine and hypoxanthine, are formed by the decomposition of 
the nucleic acids and other complex compounds contained in 
the animal system. The constitution follows largely from 
(1) basic properties, (2) their conversion respectively into 
xanthine and hypoxanthine by the aid of nitrous acid, and 
(3) from t^heir oxidation products. 

A summary of some of the more important ureides which 
can be obtained from uric acid are tabulated on p. 304. 

For other uric acid derivatives, cf. Biltz, A. 1916, 413 , 1-206; 
1917, 414 , 64. 
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For details of oxidation with hydrogen peroxide, cf. VencMe and others, J. A. C. S. 1917, 39, 1750 ; 1918, 40, 1099, 1120. 
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D. Sulphur Derivatives of Carbonic Acid 

In addition to most of the carbonic acid derivatives which 
have been described, there exist analogous compounds in which 
the oxygen is wholly or partially replaced by sulphur. Many 
01 these again are unstable in the free state, from the fact of 
their being too readily hydrolysed to COg, COS, or CSg, but 
they are known as salts, or at least as esters. The latter are 
often not real esters, in so far that those which contain an 
alkyl radical linked to sulphur do not yield the corresponding 
alcohols on hydrolysis, but mercaptans, in accordance with the 
intimate character of this linking. 

Various mono-, di-, and tri-thio-derivatives of carbonic acid 
are known, according as 1 , 2 , or 3 of the oxygen atoms are 
replaced by sulphur. 

Many of the thio-acids react as tautomeric substances, and 
give rise to isomeric alkyl deriyatives in exactly the same 
manner as hydrocyanic, cyanic, and thiocyanic acids. 

Thiophosgene, TUocarhonyl chloridey CSClg. When chlorine 
is allowed to act upon carbon disulphide, there is first formed 
the compound COlg-SCl, which is converted into thiophosgene 
by SnClg. It is a red, mobile, strongly fuming liquid of 
sweetish taste, which attacks the mucous membrane, and boils 
at 7 3 °. In its chemical behaviour it closely resembles phosgene, 
but is much more stable towards water than the latter, being 
only slowly decomposed even by hot water. With ammonia it 
yields ammonium thiocyanate and not thiocarbamide. 

Thiocarbonio Acids. — Tri-thiocarbonic acid is made up of 
the constituents CS« + HgS, so that carbon disulphide is its 
thio-anhydride, while the di-thiocarbonic acids contain the 
elements of CSg + HgO or of COS + HgS, and the mono- 
acids those of COS + H2O or of COo + HgS. We find 
accordingly that CSg combines with NagS to CSgNag, sodium 
tri-thiocarbonate, with KSCgH^ to CS(SC2H5)SK, with KOC2H5 
{i.e, an alcoholic solution of potash) to CS(0C^5)SK, potas- 
sium xanthate. In a similar manner COS and CSCI2 combine 
with mercaptides and alcoholates. 

Tri-thiocarbonic acid, CSgHg, is a brown oil, insoluble 
in water, and readily decomposed, and its ethyl ester, 
S:C(SC2H5)2, a liquid boiling at 240 °. 

Potassium xanthate, S:C<^g^2H6^ obtained by the action 
of potassium ethoxide, (KOH + CgHgOH), on carbon disulphide. 
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crystallizes in beautiful colourless needles, very readily soluble 
in water, less so in alcohol. A solution of cupric sulphate 
thi'ovvs down cupric xanthate as a yellow unstable precipitate, 
hence the name. It is employed in indigo printing. The free 
zanthio acid, or ethyl hydrogen di-thiocarbonate, CS(OC2H5)SH, 
is an oil insoluble in water, and decomposes at so low a tem- 
perature as 25® into carbon disulphide and alcohol. 

Thiocarbamic Acids. — Di-thiocarbamic acid, NH^-CS-SII, 
is formed as ammonium salt by the com))i nation of CS^ and NH.j 
in alcoholic solution : CS0+2NH3 -= NH^'CS-SNH^. The 
free acid is a reddish oil which easily decomposes into thio- 
cyanic acid and sulphuretted hydrogen: 

NHg-CS.SH = CSNII + SII2. 

Carbon disulphide combines in an analogous manner with 
primary amines to form the amine salts of alkylated di-thio- 
carbamic acids; thus ethylamine yields ethylamine ethyl-di- 
thiocarbamate, CaH^NH-CS-SNHgC^Hr,. When such salts 
are heated above 100°, HgS is evolved and a dialkyl-thio- 
urea left behind, e.g. diethyl-thio-urea, CS(NHC2H5)2; when 
HgClg or AgNOg is added to their solutions, the Hg or Ag 
salts of the acids are precipitated, and these decompose on 
boiling with water into HgS or Ag.^S and the corresponding 
mustard oil (cf, p. 285): 

2CS(NHC2H6)-SAg = 2 CSNCgH^ -f AggS + FgS. 

Secondary amines also give rise to alkylated di-thiocarbamic 
acids, but the latter do not yield mustard oils. 

Thiocarbamide, lliio-urea^ sulpho-urea, S : C(NH2)2 (Reynolds), 
is the analogue of urea, and its modes of formution are exactly 
similar to those of the latter. Thus it is formed from am- 
monium thiocyanate just as urea is from the cyanate. 

To effect this molecular transformation a temperature of 
at least 130° is required, and it is only partial, as the reaction 
is reversible. At 170° equilibrium is attained after 45 minutes, 
and the mixture then contains only 25 per cent of thiocarba- 
mide (Reynolds and Werner, P. 1902, 207). It may also bo 
formed by the direct uni^n of sulphuretted hydrogen with 
cyanamide : 

CN-NHg + SHg =.CS(NH2)2. 

Thiocarbamide crystallizes in rhombic six-sided prisms, or — 
if not quite pure — in long silky needles, readily soluble in 
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water and alcohol. M.-pt. 172^ It is easily hydrolysed to 
CO.^, Il^S, and 2NH3. HgO abstracts H.^S from it, with for- 
mation of cyanamide. Cold permanganate of potash solution 
oxidizes it to urea. As a weak base it forms salts with strong 
acids, but also yields salts with HgO and other metallic oxides; 
it also combines with salts, such as AgCl, PtCl4, &c. When 
heated with alcoholic potash to 100°, it is reconverted into 
(the potassium salt of) thiocyanic acid and ammonia. 

Thiocarbamide gives rise to alkyl derivatives (normal and 
pseudo), acyl derivatives, cyclic urcides, &c., in much the 
same manner as urea itself. 

In most of its chemical reactions it behaves as the iso-form; 

nN:C<;^j^2 or {IFernw, J. C. S. 1912, 101, 

1167, 1982, 2116, 2180). With monochloracetic acid it yields 
NH:C(NH2).S.CH.,-C0.,H {ibid, 1914, 105, 2159; J. A. C. S. 
1914, 36 , 364). 

E. Amidines of Carbonic Acid 

Guanidine, or Imino-carbamide, NH:C(NH2)j,, {Strecker, 
1861), may be obtained by the oxidation of guanine, also by 
heating cyanamide and ammonium iodide, and therefore from 
cyanogen iodide and ammonia, CN^NHg + NH^I = CN3H5, HI. 

It is usually prepared by heating thio-urea with ammonium 
thiocyanate to 180°-190°, and therefore from the thiocyanate 
alone at this temjicrature (Folhard): 

CS(NH2)2 + NH4.CNS = C(NII)(NH2)2, CNSH + HgS 

Guanidine isutliiocyanate. 


riuanidine crystallizes well, is readily soluble in water and 
alcohol, deliquesces in the air, and is a sufficiently strong 
monoacid base to absorb carbon dioxide. Guani^ne car- 
bonate, (CN^Hg).,, H2CO3, crysfkllizes beautifully in quadratic 
prisms. The base is readily hydrolysed, at first to urea and 
ammonia, and finally to ammonia and carbon dioxide. 

By the actwn of a mixture of nitric and sulphuric acids 
upon guanidine nitrate, nitjo-guanidine, NH2'C(NH)NH*N02, 
is obtained, which is readily reduced to amino -guanidine, 
NH2*C(NH)NH«NH2. The latter, when boiled with alkalis 
or acids, breaks up into hydrazine^ NgH^, ammonia, and carbon 
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dioxide, and it yields with nitrous acid diazo > guanidine, 
NH 2 C(NH)NHN:N* 0 H, which in its turn is decomposed by 
alkalis into water, cyanamide, and hy dr azoic acid^ NgH 
{Curtins, A. 1900, 314, 339). 

By the direct combination of cyanamide with glycocoll 
there is formed glyoooyamine: 


which readily loses water with formation of glycooyamidine : 


NH:C<;; 


NH.CO 

NH.CH. 


If, instead of glycocoll, its methyl derivative, sarcosine, is used, 
we obtain in an analogous manner creatine and creatinine 
( Volhard ) ; 

-NMe.CH,.CO,H 

Creatine Creatinine 


NH:0<J 


Creatine is present in the juice of muscle, and is prepared 
from extract of meat (Liebig), It crystallizes in neutral 
prisms (+ HgO) of a bitter taste, is moderately soluble in 
hot water, but only slightly in alcohol. When heated with 
acids it loses water and yields creatinine, which is an invari- 
able constituent of urine, and which forms a characteristic 
double salt with zinc chloride, 2C4H^N80 + ZnClg. It is a 
strong base and much more readily soluble than creatine. 

Creatinine is the methyl derivative of imino-hydantoin, and 
as such yields, when carefully hydrolysed, ammonia and methyl- 
hydantoi'n. 


XIV. CAEBOHYDRATES 

Most of the carbohydrates which occur in nature have been 
known for a long time. Cane-sugar was found in the sugar- 
beet by Marggraf in 1747, and dextrose in honey by Glauber, 
The transformation of starch into glucose (p. 220) was first 
observed by Kirchoff in 1811. 

The name carbohydrate was formerly applied to certain 
substances which occur naturally in large quantities in the 
vegetable and animal kingdom, and which could be repre- 
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sented by the general formula Cx(H,0)y, where a; = 6 or a 
multiple of 6, e,g. dextrose, Cg(H 20 )g or C^^oOg, cane-sugar, 
^ 12 (^ 20)11 or C,2H220 ii, and starch [Ce(H20)5jx. In addition 
to these natural products, the group at the present time 
includes a number of compounds which have only been ob- 
tained synthetically, mainly as a result of the researches of 
E, Fischer, The number of carbon atoms in these varies 
considerably. Carbohydrates are now known in which the 
hydrogen and oxygen are not present in the proportions of 
2 atoms of hvdrogen to 1 of oxygen, e,g, rhamnose, CgHigOj. 

The carbohydrates are usually divided into the three fol- 
lowing OTOups, according to their relative complexity: — 

A. monosaocharoses. — This is the simplest group of the 
carbohydrates, and the members are all polyhydroxy alde- 
hydes or ketones containing from 3-9 carbon atoms. The 
group includes the common substances arabinose, 

and the isomeric compounds, glucose or grape-sugfvr, 

and fructose or fruit-sugar. As a rule, the compounds are 
readily soluble in water, have a sweet taste, and do not 
crystallize very readily. 

B. Di- and Trisaccharoses. — These compounds may be 
regarded as anhydrides of the monoses,* usually derived by 
the elimination of 1 molecule of water from 2 mols. of the 
monose, or of 2 mols. of water from 3 of a monose. It is not 
necessary that the 2 or 3 molecules of monose should be iden- 
tical in structure, e,g, cane-sugar is the anhydride produced by 
the elimination of 1 mol. of water from 1 mol. of glucose and 
1 of fructose. As anhydro-derivatives they are readily hydro- 
lysed by mineral acids, yielding the monoses, from which they 
may be regarded as being derived. Most of the di- and trioses 
are soluble in water, crystallize very well, and also possess a 
sweet taste. Examples are cane-sugar, maltose, and milk-sugar. 

C. Polysaccharoses or Polyoses. — This group includes the 
complex carbohydrates, such as starch, cellulose, &c. They 
may be regarded as derived from the monoses by the elimi- 
nation of X mols. of water froifi x mols. of a monose, e,g,\ 

a7CgHj2O0 — a;H20 = (C0 HjqO5)x» 

In conforn^ity with such a structure they are fairly readily 
hydrolysed, yielding as the ultimate product a monose. As 
a rule, they do not dissolve in water, possess no sweet taste, 
and have not been obtained in a crystalline form. 

* Monose is used as a contraction for monosaccharose. 
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A. Monosaccharoses 

These are all open'chain polyhydroxy-aldehydes or ketones, 
e.g.: 

OH .CH2.CH(0H).CH(0H).CH(0H).CH:0 Arabinose, 

OH .CH2*CH(0H).CH(0H)-C'H(0H)-C0-CH2.0H Fructose, 

and are divided into the two main groups aldoses and ketoses, 
according to their aldehydic or ke tonic constitution. As a 
rule, several hydroxyl groups are present in addition to the 

aldehydic or ketonic ^C:0 group, and invariably one 

of these hydroxyl groups is in the a-position with respect to 
the aldehydic or ketonic group. 

The monosaccharoses are usually divided into sub-groups, 
according to the number of oxygen atoms in the molecule, e.gr, 

Trioaes. 0H-CH2-CH(0H).CH:0 and OH-CH 2 -CX)-CH 2 ‘OH; 
Tetroaes, 0H.CH2-(CH.0H)2-CH:0; 

Pentoses, 0H.CH2-(CH-0H)3.CH:0 and CH3.(CH.0H)4.CH:0; 
Hexoses, OR-Cm-iCR-Om.-ClIiO and 

OH . CH 2 • (CH . 0H)3 • CO • CIT 2 • OH ; 
Heptoses, 0H.CH2-(CH-0H)5.CH:0; 

Octoses, OH . CH 2 • (CH • OH)^j • CH : O; 

Nonoaea, 0 H-CH 2 -(Cn. 0 H) 7 .CH: 0 . 

As a rule, the molecule of any single monosc contains several 
asymmetric carbon atoms, e,g. a hexose, On«CH 2 (CH*OH) 4 ' 
CH : 0, contains 4 asymmetric carbon atoms, and hence 
should exist in 2\ i,e, sixteen distinct optically active modi- 
fications, in addition to eight racemic forms. In most cases 
all the possible stereo-isomeric modifications are not known, 
but the number of such compounds known has been largely 
increased within recent years owjng to the brilliant researches 
of Emil Fischer (B. 1890, 23, 2114; 1894, 27, 3189). 

General Characteristics of Aldoses. — As aldehydes the 
aldoses possess most of the properties already described as 
characteristic of fatty aldehydes. 

They are readily reduced by ordinary alkaline reducing 
agents, yielding polyhydric alcohols; 


OH . CHg • (CH * 0H)3 . CH ; O -f 2H = OH . CHa • (OH . 0H)3 . OHj • OH. 
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When oxidized, they yield first mono- and then dibasic acids, 
containing the same num]>er of carbon atoms: 

OH . CHg • (CH . 0H)4 . CIT : O OH . CH^, . (OH • OH)^ • CO . OH 

— COOH.(CH.OH)4.COOH. 

These reactions are of considerable importance as direct 
evidence of the aldehydic nature of the aldoses. The first 
stage of the oxidation is effected by mild oxidizing agents, 
such as chlorine, bromine water, silver oxide, or ammoniacal 
solutions of cu 2 )ric salts. The last-mentioned reaction is the 
basis of the usual volumetric method for the estimation of 
glucose and other aldoses. The aldose solution is added to a 
given volume of a standard Fehling^s solution (a solution con- 
taining cupric sulphate, sodium ammonium tartrate, and caustic 
soda (p. 262) ) until the blue colour just disappears on boiling. 
An even more exact method is to weigh the cuprous oxide (as 
such, as metallic copper, or as cupric oxide) formed by re- 
ducing a given volume of the sugar solution with an excess 
of FMing\s solution. 

The oxidation to a dibasic acid requires somewhat stronger 
oxidizing agents, e.g. nitric acid. 

Although the aldoses do not combine directly with ammonia 
or sodium hydrogen sulphite, they readily form additive com- 
pounds with hydrogen cyanide: 

OH . CHo(CH . OH), . CH : O -f HCN 

= 0H.CH2(CH.0H),.CH(0H).CN. 

This is an extremely important synthetic reaction (cf. p. 314). 

They react normally with hydroxylamine, yielding oximes, 
more especially in alcoholic solution, and the oximes thus 
obtained may be converted into a monose containing a smaller 
number of oxygen atoms (p. 315). 

They can also react normally with phenyl-hydrazine, yield- 
ing phenyl-hydrazones, which, as a rule, are sparingly soluble, 
colourless, crystalline compounds with definite melting-points. 
These are readily transformed back into the aldoses by treat- 
ment with hydrolysing agents or with benzaldehyde (A. 1895, 
288 , 140). Substituted phenyl-hydrazines, e.g. the |?-bromo- 
phenyl- or diphenyl-hydrazine, are frequently used for isolating 
and characterizing sugars. One of the most characteristic 
properties of monoses is the formation of osazones or diphenyl- 
hy^azones. This reaction may be regarded as Uiking place 
in three distinct stages: — (a) Formation of a phenyl-hydrazone, 
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X*CH(OH)*CH:N*NHPh, in the case of an aldose, and 
X.C^'N.NIIPh).CH^‘OH in the case of a ketose; (/>) the 
oxidation of the ^CH • OH or • CH., • OH group in the a-position 
with regard to the carbon atom to which the hydrazi no-group 
is attached and the formation of a ^CO or -CH : 0 group, e,g.\ 

X.CO.CHrN.NHPh and X.C( :N.NHPh).CH :0. 

This oxidation occurs at the expense of the excess of phenyl- 
hydrazine, which becomes reduced to aniline and ammonia : 

2H-f-Ce,H,NH.NH2 = CoH.NHa -f- NH3. 

(c) The compounds thus obtained react with a further quantity 
of phenyl -hydrazine, so that a second hydrazino -group is 
introduced, e,g, X*C/!N*NHPh)*CH:N»NHPh, and an osa- 
zone formed {E, Fiscner). From the above formulae it is clear 
that the same osazone can be obtained from a ketose and an 
isomeric aldose (cf. Glucose and Fructose). These osazones are 
usually prepared by warming a dilute acetic acid solution of 
phenyl-hydrazine with the sugar for an hour or more on the 
water-bath. The products are yellow crystalline solids with 
definite melting-points; they are only sparingly soluble, and 
are largely made use of for characterizing the various monoses. 
Methyl-phenyl-hydrazine, NMePh*NH 2 , yields osazones with 
ketoses, but not with aldoses, and this difference is made use 
of in the separation of the two groups of compounds (B. 1902, 
36, 3141). The complex hydrazine di-methyl-hydrazi no-di- 
phenyl-methane, CH 2 (CgH 4 «NMe*NH 2 ) 2 > is often used in con- 
nection with aldoses, as both NHg groups react, giving crystal- 
line compounds when two of the CH*OH groups adjacent to 
the CHO group have the same spatial arrangement. 

The hydroxylic nature of the aldoses can be established in 
various ways. Like all alcohols, they contain hydrogen atoms 
which can be replaced by metallic radicals. This replacement 
can be accomplished not only by means of metals themselves 
(cf. action of sodium on ethyl alcohol), but much more con- 
veniently by means of the metallic hydroxides. The most 
common derivatives are the cal^*.ium, barium, or plumbous ; thus 
from glucose, C.HjoOg, calcium glucosate, CgH^iO^-Ca-OH, is 
readily obtained. Many of these meta,llic derivatives are spar- 
ingly soluble, and are therefore made use of in the isolation of 
certain sugars. They are readily transformed into the original 
sugar when decomposed by carbon dioxide in aqueous solution. 
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As alcohols the aldoses also give rise to ethers; the best 
known are the mono-methyl ethers of glucose, i,e, mixed ethers 
derived from the two alcohols, glucose and methyl alcohol : 

CeHiA + CH^.OH = CoH,A*OCH3 + Hp. 


These compounds are usually spoken of as glucosides, and 
are probably closely related to the natural glucosides (Chap. 
XLII, B.). They may be obtained readily by the action of 
dry hydrogen chloride on a methyl alcoholic solution of glucose 
(E. Fischer^ B. 1894, 28, 1151). (See also Chap. XLVIil, B.) 

Completely methjdated derivatives of the monosaccharoses 
are obtained by taking the mono-methyl ethers — methyl gluco- 
sides, galactosides, fructosides — and alkylating with methyl 
sulphate and sodium hydroxide. In this way pentamethyl 
derivatives, CQH^O(OMe) 5 , are obtained (Hawm'thy J. C. S. 
1915, 107, 8). 

The formation of acetyl derivatives is also a direct proof 
of the presence of hydroxyl radicals in the aldose molecules. 
Thus glucose when heated with acetic anhydride and anhy- 
drous sodium acetate yields a pentacetate or pentacetyl deriva- 
tive, which can be hydrolysed to acetic acid and glucose when 
boiled with acids or alkalis. 

General Characteristics of Ketoses. - In the majority of 
their properties the ketoses resemble the aldoses, e.g. they 
react with hydroxylamine and phenyl-hydrazine in exactly 
the same manner. They form additive compounds with 
hydrogen cyanide, and are readily reduced to polyhydric 
alcohols. In certain cases the same alcohol is obtained by 
the reduction of a ketose and of an isomeric aldose, e.g, both 
d-glucose and d-fructose yield ei-sorbitol on reduction : 


X.OH(OH).ORsO 
X-CO-CHg-OH- 


.GH(0H)-CH2.0H. 


The ketoses differ completely from the aldoses as regards 
their oxidation products. As ketones they cannot yield mono- 
or dibasic acids containing thC same number of carbon atoms* but 
always a mixture of simpler acids, e.g. d-fructose on oxidation 
with nitric acid yields a mixture of tartaric and gly collie acids: 
OH.CH2-CI1(OH).CH(OH)-CH(.OH). CQ.CHpH + 40 

= CO2H .CH(OH).OH(OH).C 02 H -f CO2H.CH2OH -f H2O ; 


* The formation of acids containing the same number of carbon atoms is 
theoretically possible, since two 'CHa-OH groups are present, but such acids 
have not been obtained. 
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or when boiled with mercuric oxide it yields glycollic and 
trihydroxy-butyric acids: 

OH -CHg • CH(OH) • CH(OH) • CH(OH) • :C^O • CKjOB. 

0H.CH2-CH(0H).CH(0H).C02lI + COgH-CHg-OH. 

Partially alkylated and acylated aldoses have been prepared ; 
one of the common methods is to condense the aldose with 
acetone in the presence of a little hydrogen chloride {Irvine 
and Macdonald, ibid., 1706), then to alkylate or acylate, and 
finally to hydrolyse with mild hydrolytic reagents, so as to 
remove the acetone but to leave the alkyl or acyl groups 
intact {Purdie and Young^ J. C. S. 1906, 89, 1194; Irvine and 
Scott, ibid., 1913, 103, 564, 575; E, Fischer, B. 1915, 48, 266; 
1916, 49, 88). Thus: 

Glucose-monfl-acatoiie 

GJtrcoae-di-acetoiiieyteJda mono-methyl glucose^ 

Important acyl derivatives are those of the type of tetra- 
acetobromoglucose : 

OAc • CHa •CH(OAc) • CH • CH(OAc) • CH(OAc) • CIlBr, 

' O ■ 

which contain a reactive bromine atom, and are hence of 
great value as synthetical reagents (cf. Chap. XLII, B.). 

The ketoses also form metallic derivatives and acetyl deriva- 
tives. 

Alcoholic Fermentation of Monosaccharoses. — Many of the 
natural products, e.g. e^-glucose and {/-fructose, are readily fer- 
mented by yeast (SaccJiaromgces), yielding as chief products 
ethyl alcohol and carbon dioxide (p. 79). This decomposition 
is undoubtedly due to the presence of an enzyme, BuchnePs 
zymase, which is contained in the cells of the organism. 
Fischer^s researches have shown that all monoses cannot be 
fermented, only certain of those containing 3 or a multiple of 
3 carbon atoms. Even such monoses are not all readily fer- 
mented, e.g, {/-glucose is fermented more readily than /-glucose, 
and the isomeric guloses cannot-, be fermented by yeast. There 
appears to be an intimate relationship between thb configura- 
tion of the monose molecule and ofi-the ferment (enzyme) 
which is capable of decomposing it. Fischer has compared 
this relation.ship to that of a lock and its corresponding key. 

Conversion of an Aldose into an Isomeric Ketose.— This 
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is an interesting transformation due to E. Fischer, and consists 
in converting the aldose into its osazone, wliich on hydrolysis 
with hydrochloric acid yields phenyl-hydrazine and a pol^ - 
hydroxy-ketonic aldehyde, usually known as an osone. When 
the osone is reduced, the aldehydo-group is converted into 
a primary alcoholic radical, and a hydroxy-ketone (ketose) 
isomeric with the original aldose is obtained, e,g.: 

X.CH(0H).CH:0 — X.O(:N.NHPh).CII:N-NHPh 

X-CO-CHa-OH *- X-(X)-l:!H:0. 

By this means d-glucose can be transformed into d-fructose. 

Synthesis of a Monosaccharose from a Simpler Mono- 
saccharose. — The aldose is converted into its cyanhydrin by 
means of hydrogen cyanide (Kiliani): 

X-CH(OH)-CH(OH).CH:0 — X.CH(OH)-CH(OH)-CH<^^ 

As this reaction involves the introduction of a further asym- 
metric carbon atom into the molecule, two distinct optically 
active nitriles will be formed. As the two compounds are 
not related to one another as object to mirror image, they will 
not be optical antipodes, and will not necessarily be formed 
in equal amount. The mixture of cyanides is hydrolysed, 
the resulting hydroxy acids converted into lactones and then 
reduced with sodium amalgam, when a mixture of two sugars 
is obtained : 

X . CH(OH) . CH(OH) . CH(OH) • CO.,H 

x.cH.cn(OH).cii(OH).co 

I O I 

i 

X . CH(OH) . CH(OII) • OII(OH) • CH : O. 


As examples of this we have: 


Z-Mairnose 

/-Glucose. 


Z-Xylose 


‘/-Idose 

/-Gulose. 


c/-Kibose 


cZ-Altrose 

^/-Allose. 



a-Glucoheptoa© 

/5-GlucoheptQse» 

a-Oalahcptoae 

jS-Galaheptoseu 
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By similar methods E. Fischer has succeeded in preparing 
octoses and nonoses. For configuration of the latter, see 
Piefi'ce^ J. Biol. C. 1915, 23 , 327. Two heptoses have been 
isolated from natural products, viz. a mannoketoheptose, from 
Avogadro pear (Abs. 1917, i, 118), and sedoheptose, from the 
leaves and stems of Sedum spectabile. 

Conversion of a Monosaccharose into a Simpler Mono- 
saccharose {Wohl, B. 1893, 26 , 730). — 1. The aldose is con- 
verted into its oxime, which reacts with acetic anhydride, 
yielding an acetylated hydroxy-nitrile, e.g.: 

OH.CH2.CCH.OHJ4.CHO — 0H.CH2.[CH.0H]4.CH:N.0H 
— OAc.CH2.CCH.OAcJ4.CN. 


The nitrile when treated with ammoniacal silver nitrate solu- 
tion loses hydrogen cyanide and yields the acetyl derivative 
of a lower monose, e.gr. 

OAc . CRICK . O AeJa . CHO, 

from which the monose itself is readily obtained. 

2. Another method worked out by 1898, 31, 1573; 

1902, 36, 2360) consists in oxidizing the aldose to the corre- 
sponding monobasic acid, and then oxidizing the calcium salt 
of this with ferric acetate and hydrogen peroxide. In this 
way carbonic acid is split off and an aldose obtained: 

0H.CH2-(CH.0H)3.CH.(0H).C0.0H + O 

= OH . CHgCCH . 0H)3 . CH : O -f H 2 CO 3 . 


The aldose can be isolated as its phenylhydrazone, and this 
with benzaldehyde yields the free aldose. 

3. A third method consists in oxidizing to the lactone of 
the monobasic acid, preparing the amide of the acid by the 
addition of ammonia to the lactone and the action of hypo- 
chlorous on the amide {Hofmann reaction, p. 191): 


X.CH(0H).CH20H — ^ X.CH(0H).C0.NH2 

— X.CH(0H).C0.NHC1 X.CH(0H).N:C:0 

-- X.CH:0-J-HN.C:0. 


In this way d-glucose yields d-arabinose and ^Z-galactose 
d-lyxose (fFarman, Abs. 1915, i, 387; 1917, i, 546). 

Trioses. — When glycerol is oxidized with dilute nitric acid 
or other oxidizing agents, a product CgH^Og is obtained, which 
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has been termed glycerose. This has been shown to consist 
of the ketone, dihydroxj^acetone, OH-CHg-CO-CHg'OH, with 
a small amount of the isomeric aldehyde, glyceraldehyde, 
OH 'CHg' CH(OH)*CH : O,* and may be regarded as the 
simplest monose. It is a syrup, possesses most of the charac- 
teristic properties of the monoses, and when warmed with 
alkalis undergoes condensation and yields a hexose (a-acrose) 
(p. 325) which closely resembles fructose. 

Tetroses, C 4 Hg 04 . — A tetrose, erythrose, can be obtained 
by the oxidation of erythritol, OH«CH 2 [CH*OH] 2 *CHjj*OH, 
with nitric acid, and is probably a mixture of an aldose and 
ketose. Other tetroses can be obtained from the pentoses by 
the general methods described on p. 316. 

Pentoses. — The pentoses are characterized by the fact that 
they yield furfuraldehyde or methyl-furfuraldehyde upon pro- 
longed boiling with hydrochloric acid, water being eliminated. 
This reaction is largely made use of for their quantitative esti- 
mation (B. 1892, 26, 2912; 1898, 30, 2570). Arabinose gives 
furfuraldehyde itself, while its homologue, rhamnose, gives 
methyl-furfuraldehyde. When warmed with hydrochloric acid 
and phloroglucinol, cherry-red colorations are produced. The 
pentoses do not appear to exist free in the animal or vegetable 
kingdom, but are readily formed by the hydrolysis of various 
natural gummy carbohydrates. 

Z-Arabinose, C 5 H 10 O 5 , = OH . CHg • [CH . OB .\ . CH : 0, is pro- 
duced by boiling gum-arabic, cherry gum, or beet root chips 
with dilute sulphuric acid, and forms prisms which dissolve 
in water to a dextro-rotatory solution. It combines with 
hydrogen cyanide, and thus yields the nitriles of two stereo- 
isomeric hydroxy-caproic acids, viz. Z-mannonic acid (Kiliani, 
B. 20, 339, 1233) and Z-gluconic acid (J5. Fischer), In addition 
to ^-arabinose, a fl?-arabinose and a d-l- or racemic arabinose 
are also known. They are related to one another in exactly 
the same manner as Z-, d-, and r-tartaric acid. The corre- 
sponding alcohol is arabitol. 

Z-Xylose, or Wood-sugar, is ' stereo-isomeric with arabinose, 
and is prepared by boiling wood-gum, straw, and jute with 
dilute sulphuric acid, and is very similar to arabinose. (For 
its constitutfon, see B. 24, 637.) The corresponding alcohol 
is xylitol. Bibose (B. 1891, 24, 4214) and Lyxose (B. 1899, 
33, 1798) are stereo-isomeric with arabinose. 


For preparation of glyceraldehyde, cf. J. A. 0. S. 1914, 36, 2223. 
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Bhamnose, or Isodulcite, C^^HjgOg, ^ CH3-[CH*0H]4-CH:0, 
is obtained from several glucosides, e.y. quercitrin or xantho- 
rhamnin (yellow needles, present in French berries, Rhamnus 
tinctoi'iaj &c.), by the action of dilute sulphuric acid. It forms 
colourless crystals which contain 1 HgO, melts at 93°, and dis- 
tilled with sulphuric acid yields a-methyl-furfuraldehyde. 

Several isomerides of rhamnose are known, e.g. fucose from 
sea-weed, epifacose, quinovose, rhodeose and isorhamnose. 

Hexoses. — The hexoses constitute the most important group, 
as they contain all the more common natural monosaccharoses, 
e.g, d-glucose, d-fructose, d-galactose, <fec. These occur in the 
free state in the juices of ripe fruits, and are also found com- 
bined with acids and other compounds in the ether- or ester- 
like compounds known as glucosides. They are also formed 
by the hydrolysis of more complex carbohydrates, e.g. cane- 
sugar, maltose, milk-sugar, or starch, either under the influence 
of mineral acids or of enzymes. They are sweet, and for the 
most part crystalline compounds readily soluble in water, 
sparingly in absolute alcohol, and insoluble in ether. They 
possess the chemical properties of pentahydroxy-aldehydes and 
ketones. 

Aldohexoses. — The common aldohexoses have the constitu- 
tion represented by the formula: 

0H.CH2.[CH.0H]4.CH : O. 


In this formula the 4 carbon atoms contained within the 
brackets are asymmetric carbon atoms, and hence such a 
compound should exist in numerous stereo -isomeric forms. 
It can be shown that in this case the number of optically 
active isomerides theoretically possible is sixteen; of these 
some thirteen are actually known, namely: 


Aldohexose. 

Monobasic Acid. 

Dibasic Acid, 
C02HICH*0HJ4.C02H. 

Alcohol. 

M.-p. of 
Osazone. 

d- (k {-Mannose 

d- (k {-M annonic acid d- A {-Mannosacchanc 

d- dr {-Mannitol 

206“ 

d- (k {-Glucose 

d-tkl Gluconic acid 

d- <k {-Saccharic 

d- <k {-Sorbitol 

Ibid 

d- tk {-Gulose 

d- ik {-Gulonic acid 

d- tk {-Saccharic 

d- db {-Sorbitol 

166“ 

d’ <k {• Jdose 

d- dr {-Idonic acid 

d- <k {-Idosaccharic 

d-ik l-Iditol 

166“ 

d- <£; {-Galactose d- <£; {-Galactonic acid t-Mucic 

i-Dulcitol 

206“ 

d-Taluse 

d-Talonic acid 

d-Talomucic 

d-Talitol 

188’ 

d-Altrose 

d-Altronic acid 

d-Talomucic 



183-186“ 

d-Allose 

d-Allonic acid 

Allomucic 

— 

183-186“ 


All of these hexoses have to be represented by the same 
structural formula, and only differ as regards the spatial 
arrangements of the various radicals within the molecule. 
All are optically active in solution, and the majority form 
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pairs of optical antipodes, e.g, d- and Z-glucose, which are 
related in exactly the same manner as dr and Z-tartaric acids. 
The members of such a pair are identical as regards their 
ordinary chemical and physical properties, with the exception 
of their effects on polarized light, and their behaviour towards 
enzymes or ferments generally. As a rule, one of the two 
compounds exists naturally, c?-glucose, and the second 
must be prepared by artificial means. The two are able to 
form a racemic compound, which differs as regards its physical 
properties from the active components. 

The determination of the configuration of each aldohexose 
has been accomplished by E. Fischer largely from a study of 
the following points: — (a) The relationship of the aldohexose 
to the aldopentoses, e.g, /-arabinose can be transformed into a 
mixture of Z-glucose and J-mannose, and hence in all three 
compounds the configuration of the following part of the 
molecule — 

OH . CHa • CH(OH) • CH(OH) . CH(OH>- 

must be identical. (6) The nature of the dibasic acid formed 
on oxidation, or of the alcohol formed on reduction. When 
reduced, rf-galactose yields an inactive hexahydric alcohol, viz. 
i-dulcitol, and from this it follows that in the d-galactose 
molecule the H and OH radicals must be so spatially arranged 
that when the •CH:0 group is converted into a CHg-OH 
group a symmetrical molecule is obtained (see formula below), 
(c) The nature of the osazonej e.g. d-glucose and d-mannose 
both give rise to the same osazone — d-^ucosazone — and hence 
the spatial arrangements of the two molecules must be identical, 
with the exception of the part •CH(0H)*CH:0. 

As the result of such methods, the following configurations 
have been arrived at for some of the commoner aldohexoses 
(B. 1891, 24,2683; 1894, 27, 3211):— 

A clearer conception of the manner in which such argu- 
ments are used can be gathered by a study of the aldo- 
pentoses. Eight active forms arc theoretically possible, and 
the d- and I- forms of arabinose, xylose, lyxoso, and ribose 
are the compounds actually known. 

The possible configurations are the four given below and 
their enantiomorphs : 
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CHO 
H.C.OH 

1. H.C.OH 
H.C.OH 
CHg-OH 


CHO 
HO-C-H 

2. H.C.OH 
H.C.OH 
CHg.OH 


CHO 
HO.C.H 

3. H.C.OH 
HO.C.H 
CHg.OH 


CHO 
H.C.OH 

4. H.C.OH 
HO.C.H 
CHg.OH 


Since arabinose and ribose give the same osazone they must 
be either 1 and 2 or 3 and 4. Arabinose on oxidation gives 
an optically active trihydroxyglutaric acid, hence arabinose 
can only have the configuration 2 or 4. Further, arabinose 
with hydrogen cyanide and subsequent hydrolysis and oxida- 
tion gives two active dicarboxylic acids, and must therefore 
have the structure 2, as one of the acids derived in this way 
from 4 would be optically inactive by internal compensation. 
If 2 represents d-arabinose, then its enantiomorph represents 
Z-arabinose. As No. 2 represents d-arabinose. No. 1 must 
represent ^-ribose. 

As xylose yields an inactive trihydroxyglutaric acid when 
oxidized, it must be represented by configuration No. 3, and 
hence lyxose is No. 4. 

Since ^Z-arabinose when treated with hydrogen cyanide and 
the product hydrolysed and reduced yields a mixture of 
^-glucose and rZ-mannose, it follows that in these two latter 
the spatial arrangements in the portion, 

OH . CHg . CH(OH) . CH(OH) . CH(OH), 

must be identical, as shown in the constitutional formulae given 
below : 


CHO 

HO.C.H 

HO.C.H 

H.C.OH 

H.C.OH 

CHa-OH 

d>Manuo6C 


CHO 

H.C.OH 

H.C.OH 

HO.C.H 

HO-CH 

CH2OH 

2-Alannoae 


CHO 

H.C.OH 

HO.C.H 

H.C.OH 

H.C.OH 

CH2OH 

(^Glucose 


CHO 

H.C.OH 

HO.C.H 

HO.('%H 

H.C.OH 

. CHjOH 
d-Galactose. 


E. Fischei- has suggested the following system of nomen- 
clature. According to the Geneva Congress, the name for 
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glucose is hexanepentolal. Fischer suggests that the asymmetric 
carbon atoms be numbered with respect to the CHO group, 
and that when the H is to the left and OH to the right of an 
asymmetric carbon atom, it is termed + and the reverse 
Thus: 

c?-Gluco8e is hexanepentolal, H 1- + 


^Glucose 

c^-Mannose 

d-Galactose 

fl?-Gulose 

c?-Idose 

c?-Talose 

o?-Altrose 

c^Allose 


1 

+ -- + 

h — 

+ - + - 
h 

+ + + + 


tf-Oluoose, Grape-sugar or dextrose^ CgHjgOg + HgO, occurs 
together with c?-fructose in most sweet fruits, in honey, also 
diabetic urine. It is prepared by the hydrolysis of more com- 
plex carbohydrates, e,g. sucrose or starch. The usual method, 
the hydrolysis of starch with dilute sulphuric acid, yields 
a product which contains, in addition to dextrose, dextrine 
and unfermentable substances. It crystallizes from water in 
nodular masses made up of six-sided plates which melt at 86®, 
and from methyl alcohol in small anhydrous prisms free from 
water; m.-pt. 146®. It is dextro-rotatory, [a]© = 52*6®, hence 
the name “dextrose”. 

A freshly-prepared solution turns the plane of polarization 
almost twice as much as one which has been kept or heated 
to boiling, a phenomenon which is known as “bi-, multi-, or 
muta-rotation ”. (Cf. Chap. XL VII, H, Physical Constants and 
Constitution.) The strength of a solution of glucose is usually 
determined polarimetrically from its specific rotatory power, 
or gravimetrically by determining the weight of cuprous oxide 
obtained by the reduction of Fehling's solution with a given 
volume of the solution (cf. p. 311). 

d-Glucose-phenyl-hyirazone,* CjgH^gOgNg, forms fine crys- 
tals which melt at 115®. Another modification melts at 


144®. ef-Phenyl-glucosazone crystallizes in sparingly soluble 
needles. The^ rotation produced by the hydrazones and osa- 
zones may be the opposite of that of the mother substance. 
It is an important point for the recognition of the latter. 
d-Pentacetyl- glucose, CeH 70 ( 0 C 2 H 30 )s, melts at 111®. 
d-Glucosone, CH 2 (OH).[CH(OH)] 3 .Cd.CHO, forms a syrup 
which does not ferment with beer yeast, and which yields 


(B 480 ) 


12 
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the osazone immediately with phenyl - hydrazine. Methyl 
glucoside, 

OH.CHa.CH(OH).CH.(CH.OH)2-CH.OCHs, 

exists in two pairs of stereo-isomeric modifications, the a 
compound melts at 165*^ and the ^ at 107°. Z-Glucose re- 
sembles ^-glucose closely, excepting that it turns the plane of 
polarization as strongly to the left as the latter does to the 
right. e-Glnoose, from i-gluconic acid, is a colourless syrup. 
The osazone, i-glucosazone, melts at 216°, and, apart from 
rotatory power, is deceptively like the d- and /-osazones. 

Constitution of (f-Glucose. — Its constitution as a penta- 
hydroxy aldehyde follows from the formation of a pentacetyl 
derivative, and from its oxidation first to a monobasic acid 
(gluconic acid) and then to a dibasic acid (saccharic acid), 
both of which contain the same number of carbon atoms as 
glucose. A proof both of its aldehydic nature and of the 
normal structure was afforded by Kiliani (B. 1886, 19, 767), 
who prepared the cyanhydrin, hydrolysed this to the hexa- 
hydroxy-carboxylic acid, and, by reducing this with hydriodic 
acid and phosphorus, obtained 7i-heptylic acid : 
OH.CHn.fCH-Om-CH-.O — OH-CH2*(CH-OH)4.CH(OH).CN 
CH3.(CH2)6-C02H — 0H.CH2-(CH.0H),.C02H — 

a product which could not have been formed if the glucose 
had possessed either a ketonic structure or an iso-chain (cf. 
Fructose). (For configuration, see p. 320.) 

J-Mannose is stereo-isomeric with c?-glucose, and is formed 
together with tf-fructose by the cautious oxidation of mannitol, 
also by boiling the reserve cellulose of the seed of the Brazil- 
nut {BertholUtia excelsa), or of the seeds of the Ivory-palm 
{Phytelephas maarocarpa\ with dilute mineral acid, and by 
reducing mannonic acid lactone with sodium amalgam. It 
forms colourless crystals readily soluble in water, is dextro- 
rotatory, [a]p « 4- 14-36°, and yields the same osazone as 
rf-glucose. When treated with sodium amalgam it passes 
readily into rf-mannitol. The hydrazone melts at 195°, and 
is sparingly soluble in water. ^Mannose forms a colourless 
syrup. The osazone is identical with that from i-fructosa 
^Mannose is not so readily fermented as the t^isomeride. 

d-Galaotose is formed together with c?-glucose by the hydro- 
lysis of milk-sugar with dilute acid, and also from certain 
gums. It crystidlizes in slender needles, and melts at 166°, is 
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dextro-rotatory, [a]i, = + 80*3®, and readily fermented. Its 
pentacetyl derivative melts at 143® (for four isomeric forms, cf. 
Hudson, J. A. C. S. 1915,37, 1589; 1916, 38, 1223), a-methyl- 
galaotoside at 111®, and the stereo-isomeric /S-oompoond at 
173®-175°. 

Tstlose is a syrup. The phenyl-hydrazone is very readily 
soluble in water (difference from galactose). 

Ketohezoses, OH-CH 2 «[CH*OHj 3 .CO'CH 2 *OH, are struc- 
turally isomeric with the aldohexoses. As ketones they can- 
not be oxidized to acids containing the same number of carbon 
atoms (cf. p. 313). Although ketones, they can reduce alkaline 
copper solutions. The formula contains 3 asymmetric carbon 
atoms, and hence numerous stereo-isomerides are theoretically 
possible. 

^-Fructose, Fruit-sugar or Icevulose, CgH^gOg, is almost invari- 
ably found along with d-glucose in the juice of sweet fruits 
and also, together with the latter, in honey. It is formed 
along with rf-glucose by the inversion of cane-sugar, and to- 
gether with fl?-mannose by the cautious oxidation of d-mannitol ; 
also from d-phonyl-glucosazone, and therefore indirectly from 
rf-glucose. It is most easily prepared by heating inulin (p. 339) 
with very dilute acid (B. 23, 2084); is somewhat difficult to 
obtain crystalline, and then forms hard, anhydrous, rhombic 
crystals melting at 95®. It is laevo-rotatory, although belonging 
genetically to the ^?-series, and has [a]|; = - 92®. It may be 
separated from rf-glucose by means of its sparingly soluble 
lime compound. 

Its close relationship to 6?-glucose is shown by the fact that 
it yields the same osazone, and on reduction yields a mixture 
of (^-mannitol and (^-sorbitol. On oxidation it yields gly collie 
and tartaric acids, or glycollic and trihydroxy-butyric acids (cf. 
p. 313). With methyl-phenyl-hydrazine it yields a colourless 
osazone. It is fermentable, but not so readily as (i-glucose. It 
is manufactured from inulin for the use of diabetic patients in 
the place of cane-sugar. , 

^Fructose closely resembles t^-f ructose, but is dextro-rotatory, 
and as it is not readily fermented, can easily be obtained from 
i-&uctose, which is a syrup. 

Constitution* of t^-Fructose. — The general properties point to 
its ketonic structure, and ithis was further proved by Kiliani^ 
who hydrolysed the cyanhydrin, and then reduced the hydroxy- 
acid thus obtained with hydriodic acid and phosphorus, and 
obtained methyl-butyl-acetic acid: 



324 


XIV. CARBOHYDRATES 


0H.CH*.(CH.0H)8.C0-CH8.0H— 


/OH 

OH.CHj.(CH.OH)3.C^CN 

I \CHa.OH 

♦ /OH 

OH.CHj.(CH.OH)8-CvCOOH 
, XJHj.OH. 


Its configuration as hemnepe7UoIr2-one — |- + follows from 
its close relationship to (^-glucose. 


CHO 

cf-Glucose, H.C.OH 
HO-C-H 
H.C.OH 
H.C.OH 
CHa-OH 


CHa-OH 

c^-Fructose, CO 
HO.C.H 
H.C.OH 
H.C.OH 
CHa-OH, 


since both yield the same osazone. 

Other stereo-isomeric ketohexoses are d-tagatose, obtained 
by the action of potassium hydroxide solution on d-galactose. 
It melts at 124'^, and yields the same osazone as d-galactose. 
d-Sorbose, obtained by oxidizing d-sorbitol; and Z-sorbose, 
obtained as a by-product in the preparation of d-tagatose. The 
fructoses correspond in configuration with the arabinoses, 
tagatose with lyxose, and the sorboses with the xyloses. 

Besolution of Bacemic Sugars. — One method is by means 
of d-phenylamyl- hydrazine, CQHrN(C 5 Hjj).NH 2 , separating 
the two phenylamyl-hydrazones % fractional crystallization 
and regenerating the active sugars by hydrolysis. {Neuberg, 
B. 1905, 38 , 868). Another method consists in combining 
the aldose with an active mercaptan, e.g, c?-amylmercaptan. 
d-/-Arabinose reacts with d-amylmercaptan, giving a mixture 
of two isomerides, viz. d-arabinose-d-amylmercaptal and /-ara- 
binose - d - amylmercaptal, OH • CH 2 (CH • OH )3 • CH(SC 5 Hi^) 2 , 
which can be separated by fractional crystallization from 
alcohol, in which the former is less soluble (Abs. 1916, i, 308). 

Unsaturated Monosaooharoses. — Gluoal, C^U^qO^, is a syrup 
obtained by the following oeries of reactions:— Acetobromo- 
glucose reduced with zinc and acetic acid gives triacetylglucal, 
and this when hydrolysed yields gluwal. Huring the reduction 
of the acetobromoglucose a molecular rearrangement occurs, 
and the ethereal 0 atom no longer remains attached to a 
terminal C atom. 
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OAc . CHa . CH(OAc) • CH • CH(0 Ac) • CH(0 Ac) • CHBr 
I O J 

OAc.CH 2 -CH.CHa.CH(OAc).C:CH.OAc 
I 1 

— » 0H.CH2*CH.CH2-CH(0H).C:CH.0H glucaL 
I O ! 

When reduced dihydroglucal, CgH, 204 , m.-p. 86°, is obtained, 
and this does not show unsaturated or reducing properties 
{E, Fischer^ B. 1914, 47, 196). Glucal has been isolated from 
the hydrolytic products of nucleic acid (Z. physiol. 1917, 100 , 
241). 

Synthesis of Hexoses. — Four methods have been used for 
synthesizing hexoses. 1. The polymerization of formaldehyde 
by means of lime water (0. Loew^ 1886). The product was 
termed formose, but has since been shown to be a mixture of 
hexoses containing a-acrose. 2. By the addition of bromine 
to acrolein and the decomposition of the dibromide with 
barium hydroxide {E. Fischer and Tafel), Glyceraldehyde 
(p. 228) is first formed, and this may then undergo the aldol 
condensation. 3. By the action of barium hydroxide on 
glycerose (p. 317), and hence a synthesis from glycerine. Two 
isomeric hexoses were isolated, viz. a- and j8-acroses {E, Fischer 
and Tafel, B. 1887, 20 , 1093, 3384; 1889, 22 , 97). The syn- 
thesis consists in an aldol condensation of the two components 
of glycerose, viz. glyceraldehyde and dihydroxy-acetone: 

0H-CH2-CH(0H).CH-0 4- OH-CHg-CO-CHg-OH 

-> 0H-CH2-CH(0H).CH(0H).CH(0H).C0-CH2*0H. 

Pure glyceraldehyde also yields the two hexoses under 
similar conditions, due to the conversion of part of the alde- 
hyde into dihydroxyacetone. 4. By the action of alkalis on 
glycolaldehyde, OH -CEL •CUP (p. 212; Jackson, J. C. S. 1900, 
77 , 129), a tetrose, C 4 H!g 04 , and a- and jS-acroses are formed 
and are separated by means of their oxazones. The a-acrose 
obtained by these reactions has been the starting-point for the 
syntheses of* most of the other hexoses. The a-acrose is con- 
verted into its osazone ;• this is hydrolysed to the osone, and 
then reduced to the ketose, when d-Z-fructose is obtained. 
The osazone obtained from a-acrose is identical with d-Z-glucos- 
azone, but as the same osazone is formed from glucose, 
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mannose, and fructose, the identity of the original a-acrose 
is not established. According to Nmhet'g (B. 1902, 36 , 2626) 
and Schmitz (B. 1913, 46 , 2327), a-acrose is in reality rf-Z-fruc- 
tose, as it has been obtained crystalline, m.-p. 129-130°, and 
has been found to react with methylphenylhydrazine, which 
does not form osazones with aldoses. Similarly it has been 
shown that ^-acrose is i-Z-sorbose. Thus the primary products 
are both ketoses formed by the condensation of glyceraldehyde 
with dihydroxy acetone. The scheme (p. 327) gives a r6sum6 
of the steps involved in the synthesis of the other hexoses 
from a-acrose. Stoklasa (C. R. 1913, 166 , 646) has shown that 
radium emanation causes hydrogen to reduce carbon dioxide 
to formaldehyde in the presence of KHCO3, and that the alde- 
hyde then polymerizes to a mixture of reducing sugars. 

Action 01 Alkalis on Hexoses. — This action has been studied 
by Lohry de Bruyn (B. 28, 3078; Rec. 1897, 16, 274), who has 
shown that glucose, mannose, and fructose are partially trans- 
formed into each other under the influence of dilute alkalis. 
Fructose is an intermediate product in the conversion of 
glucose into mannose and an inactive hexose, CgHijOn, 
glutose, a constituent of sugar-cane molasses, is also formeu. 

Nef, (A. 1910, 376 , 1; 1914, 403 , 204) has made a more 
extended investigation of the action of alkalis on hexoses and 
of the oxidation of the products. In alkaline solution they 
are extremely readily oxidized even by atmospheric oxygen. 

B. Di- and Trisaccharoses 

This group comprises those carbohydrates which may be 
regarded as derived from 2 or 3 molecules of a monose by 
the elimination of 1 or 2 mols. of water respectively. As 
such anhydrides, they are all readily hydrolysed when boiled 
with dilute acids, yielding monoses, usually hexoses. Thus 
cane-sugar yields a mixture of d-glucose and tZ-fructose; mal- 
tose yields d-glucose only; milk-sugar yields tZ-glucose and 
d-galactose; Ci 2 H 220 ^ + HgO = 2 CgHi 20 g. 

Raffinose or melitriose is a type of a trisaccharose, and on 
hydrolysis yields melibiose and <Z-fructose. The hydrolysis in 
most of these cases can not only be efFgcted by means of acids, 
but also by means of sucroclastic enzymes, e.g. diastase and 
invertase hydrolyse cane-sugar, maltase malt-sugar, <fec. The 
readiness with which the disaccharoses are hydrolysed indicates 
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a union of the 2 molecules of monose by means of oxygen and 
not of carbon. The disaccharoses are thus ethereal anhydrides 
of the hexoses, e,g, cane-sugar is (i-glucose-d-fructose anhydride, 
and malt-sugar ^-glucose anhydride, &c. In this anhydride 
formation 8 of the original 10 OH groups have remained 
intact, as the disaccharoses readily yield octacetyl derivatives 
and oota-nitrates (J. A. C. S. 1919, 41, 235): 


2CeH^O(OH)5 = + JljO. 


As a rule, 2 stereo-isomeric octa-acetyl derivatives are 
obtained from each disaccharose {Hudson and Johnson, ibid, 
1915, 37, 1270, 1276), and these are related in much the same 
manner as a- or ^-methyl glucosides (Chap. XL VII, H.). 

As milk-sugar and malt-sugar both reduce Fehliiufs solution, 
it is highly probable that they still retain a CHO group of one 
of the component monose molecules. And as cane-sugar is 
not a reducing sugar, it probably contains no carbonyl group. 
The chief difficulty in assigning structural formulae to the 
disaccharoses is to determine the oxygen atoms which take 
part in the anhydride formation, and to determine with 
certainty which of the 4 stereo-isomeric forms of a particular 
monose {e,g, a, /?, y, 5 glucose) has taken part in the anhydride 
formation. For details see Enzymes, Chap. XLVIII, B. 

The compounds possess for the most part a sweet taste, and 
crystallize more readily and are more stable than the monoses, 
but resemble the latter in solubility. They are not directly 
fermentable, but can be fermented after hydrolysis to monoses. 
All those which occur naturally are optically active. 

Cane-sugar or Sucrose, Saccharohiose, C^gHaaOi^ occurs in red 
beet (Beta) 16-20 per cent, in the sugar-cane (Saccharum) 
14-26 per cent in the juice, in the sugar-maple (Sorghum), 
together with invert sugar in the mahua flower {Bassia 
latifolia), and in many other plants, chiefly in the stem. 

Preparation. — (a) From sugarvcane by expressing the juice 
and evaporating it until crystallization begins, (b) From 
sugar-beet by a systematic extraction of the pulp with water, 
e.g. by the “diifusion procecs”. The impure jpice is then 
treated with lime (“defecation”), the excess of the latter 
thrown down by carbon dioxide (“ safuration ”), and the syrup 
filtered through animal charcoal, and evaporated in vacuo to 
crystallization. From the mother-liquid of molasses the crys- 
tallizable sugar still present can be obtained as the sparingly 
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soluble strontium saccharate, CigHogOu, SrO, which is then 
suspended in water and decomposea by carbon dioxide (“de- 
sugarizing of molasses”). 

Cane-sugar crystallizes in large monoclinic prisms, as is well 
seen in sugar-candy, and is soluble in one-third of its weight of 
water. It is not turned brown when heated with potash, and 
yields saccharates with lime and strontia, e,g. CjJELwOu -f CaO 
+ 2 H 2 O; + 2CaO; -f 3CaO. Concen- 

trated sulphuric acid produces chamng (difference from 
d-glucose). Cane-sugar melts at 160°, and remains in the 
amorphous condition for some time after cooling (barley- 
sugai^; when heated more strongly, it becomes brown from 
the formation of caramel or sugar dye, and finally chars. 

The percentage of sugar in a solution of unknown strength 
can be determined from the specific rotatory power ([a]? = 
+66-6°) by measuring the angle (a) through which the plane 
of polarization is turned when a ray of polarized light is passed 
through a layer of the solution of known length. This is 
known as saccharimetry. 

It is readily hydrolysed by acids, and this process is com- 
monly spoken of as the inversion of cane-sugar, and the pro- 
duct as invert sugar. These names are due to the fact that 
the hydrolysis is accompanied by a change in the optical 
activity of the solution. The solution of cane-sugar is dextro- 
rotatory, but after hydrolysis (or inversion) it becomes laevo- 
rotatory, as d-fructose is more strongly Isevo- than d-glucose is 
dextro-rotatory. 

Sucrose itself does not reduce Fehling's solution, but after 
inversion readily reduces. This would indicate that in the 
anhydride formation the aldehydic group of d-glucose and the 
ketonic group of d-fructose have been destroyed. The con- 
stitutional formula suggested by E, Fischer (B. 1893, 26, 



This formula readily accounts (a) for the formation of an 
octacetyl derivative (m.-pt. 67°) and an octamethyl ether; 
{h) for the absence of all reducing properties; (c) for the 
readiness with which it, can be hydrolysed, since the two 
hexose molecules are united by means of an atom of oxygen ; 
(d) for the non-formation of a hydrazone. 

Milk-sugar or Lactose, LactoUose, C12H22O11 -f HgO, occurs 
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in milk, and only occasionally in the vegetable kingdom. It is 
obtained by evaporating sweet whey. It crystallizes in hard 
rhombic prisms, and is much less sweet than cane-sugar, and 
also much less soluble in water. It is converted into “ lacto- 
caramel ” at 180°. It shows muta-rotation (p. 321), and reduces 
Fehling^s solution. The anhydrous sugar occurs in a and (3 
forms. 

Maltose or Malt-sugar, Maltobiose, C^gHgoOji + HgO, is 
formed by the action of diastase upon starch during the ger- 
mination of cereals (preparation of malt). It forms a hard 
white crystalline mass, very similar to grape-sugar, and 
strongly dextro-rotatory + 137°. It reduces Fehling^s solution, 
but only to about two-thirds the extent to which d-glucose does. 

Lactose and maltose resemble one another very closely, and 
are probably stereo-isomeric. Since they both possess reduc- 
ing properties, yield hydrazones, cyanhydrins, and can be 
oxidized to monobasic acids containing the same number of 
carbon atoms, it is obvious that they must contain an alde- 
hydo-group, and the following structural formula was assigned 
to both by E, Fischer (B. 1893, 26, 2405; see, however. 
Chap. XLVII, H.):— 


OH.CH2-CH(OH).CH.(CH.OH)2-CH.O*CH2-(CH.OH)4.CH:0. 
I O 


Lactose and maltose are not fermentable until after hydro- 
lysis. Certain micro-organisms contain an enzyme lactase 
which hydrolyses the former, and it is then fermented by 
yeasts. After hydrolysis it can be converted into lactic acid 
by certain species of bacteria. Maltose is hydrolysed by the 
enzyme maltase. 

In the formation of the lactose molecule it is the CHO 
group of the galactose which is destroyed, as on oxidation 
laotobionio acid, C12H22O12, is formed, and when hydrolysed 
this yields galactose and gluconic acid. 

Revertose is the name given tp the disaccharose obtained by 
Croft-Hill (J. C. S. 1903, 83, 580) by the synthetic action of 
the enzyme maltase on rf-glucose. It has [aj^ = + 91*5°, 
and yields an osazone melting at 173° (corr.). It may be 
identical with Fischer's isomaltose {E. F, Armstrong, P. R. S. 
1905, 76 B., 592). 

Cellobiose or Cellose is a disaccharose, 0 , 2 ^ 22 ^ 11 ’ obtained 
by incomplete hydrolysis of cellulose (p. 333) by means of 
acetic anhydride and sulphuric acid, in the form of its octa- 
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acetate, m.-p. 228-229°. The sugar itself obtained by hydro- 
lysing the acetate with alcoholic potash form a colourless 
crystalline powder practically insoluble in alcohol or ether. 
It reduces Fehling's solution, exhibits muta- rotation, has 
[aju = + 34*6°, is not fermented by yeast, and on hydrolysis 
with acids yields d-glucose. It is not hydrolysed by invertase 
or maltase, but by an enzyme contained in apricot kernels and 
termed cellase. Its osazone melts at 208-210°, and bromine 
water oxidizes the sugar to cellobionio acid. 

Gentiobiose is a reducing disaccharose obtained by incom- 
plete hydrolysis of the tri-saccharose, gentianose, with 0*2 
per cent sulphuric acid or invertase. It melts at 190-195°, 
has a bitter taste, and shows muta-rotation ; the final value is 
[a] + 9*8°. It is not fermented by yeast. 

Trehalose, Ci2H220j^, 2 H 2 O, is a non-reducing sugar found 
in fresh moulds and in manna. It is non-reducing, and has 
[a]jj = + 197°, and on hydrolysis it yields d-glucose. 

Isomaltose was obtained synthetically by E, Fischer 
(B. 1895, 28, 3025) by the condensing action of hydrochloric 
acid on glucose. It is non-fermentable and yields an osazone 
with m.-p. 150°. 

Melibiose, CigHggOn, 2 HgO, one of the hydrolytic products 
of raffinose when (iilute acids or top yeasts are used, is a 
reducing sugar, is less sweet than cane-sugar, exhibits muta- 
rotation, [ajj, = -f 143°, and on further hydrolysis yields 
rf-glucose and c?-galactose. Its osazone melts at 178-179°. 

Several disaccharoses derived from d-glucose and d-galactose 
have been synthesized from aceto-chloro-glucose + d-galactose, 
and from (Z-aceto-chlor-galactose and d-glucose (B. 1902, 35, 
3145). 

Disaccharoses derived from condensed hexose and pentose 
molecules are also known (B. 1898, 31, 537; 1900, 33, 2091; 
Bull. Soc. 1911, 9, 38, 84, 147). 

Baffinose or Melitriose, + ^HgO, is found in the 

sugar-beet, and therefore in molasses, in the manna of the 
eucalyptus, and in cotton-seed cake, &c. It is very like cane- 
sugar but tasteless, is strongly dextro-rotatory, and does not 
reduce Fehling^s solution. When inverted, it yields in the first 
instance d-fructose and melibiose, the latter then breaking 
up into galactose and.d-glucose. (For its constitution, see 
B. 1889, 22, 3118; also A. 232, 169.) 

Gentianose, CigHgoOjg, is present together with cane-sugar 
in the fresh root on 6entiana lutea} it melts at 207-209° (coir.), 
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has [aji, + 31 ‘5®, it does not reduce Fehling^s solution, and on 
hydrolysis yields gentiobiose and rf-fructose. 

Stacnyose, 4 JH 2 O, which is found in the roots 

of Stachys tubenfera and of several LabiaticBy is an example of 
a tetra-saccharose. Anhydrous, it melts at 170° and has 
Ja]i, = + 149°. Invertase, maltase, or acetic acid hydrolyse 
It, yielding c?-fructose and manninotriose, and on further 
hydrolysis the latter yields d-galactose (2 mols.) and c?-glucose 
(1 mol.). 

C. Polysaccharoses 

The empirical formula of the members of this series is 
C^HiaOk, but they all possess a much higher molecular weight, 
e,g, (CgHi^Og)^. They are for the most part amorphous and 
tasteless, insoluble in alcohol and ether ; a few are soluble in 
cold water, but the majority not; thus cellulose is insoluble 
and also mucilage, the latter merely swelling up with water, 
while starch forms a jelly with hot water. When boiled with 
dilute acids or subjected to the action of enzymes, they are 
hydrolysed to mono- or disaccharoses, generally to hexoses, 
e.g, CgHjoO. + H 2 O = "^he formation of pentoses 

is frequently to be noticed in this decomposition. 

They must therefore be regarded as anhydrides of the mono- 
saccharoses. The hydrolysis proceeds in stages and inter- 
mediate products, such as cellose in the case of cellulose and 
dextrines and maltose in the case of starch, have been isolated. 

Although the polysaccharoses are compounds of fundamental 
importance in the synthetic processes taking place in the living 
plant tissue, very little is known about their actual constitu- 
tion. The majority only form colloidal solutions, and the 
determination of accurate molecular weights is not possible. 
They still contain free hydroxyl groups as they form esters 
with nitric and acetic acids, and ethers with methyl sulphate. 
The monosaccharose units which take part in the formation 
of these complex carbohydrates are: — d-glucose, d-fructose, 
d-mannose, d-galactose, Z-arabinose, Z-xylose, and fucose. The 
investigations on the polysaccharoses have, to a large extent, 
been limited to studies of their hydrolyses, and, ai^ they are so 
widely distributed in the vegetable kingdom, to the discovery 
of new commercial methods of utilizing them. 
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Cellulose 

This name has been given to a variety of different products 
from the vegetable kingdom. There are the celluloses proper, 
the compound celluloses, and the hemicelluloses. 

The cellulose proper is met with in cotton-wool, linen, and 
Swedish filter-paper, and is best obtained by extracting filter- 
paper or cotton-wool successively with caustic potash, hydro- 
chloric acid, water, alcohol, and ether. When air-dried it 
forms a white amorphous powder containing 6-8 per cent of 
moisture, which can be removed by gently warming under 
reduced pressure. At 150° cellulose begins to decompose, and 
when subjected to destructive distillation gives combustible 
gases, acetic acid, acetone, phenol, furfuraldehyde, and other 
products. When cellulose or starch is distilled under reduced 
pressure at 200-300°, appreciable amounts of Z-glucosan, 

OH.CH.CH.CH2 

I 6 6 

OH-CH-CH-CH-OH, 

are formed; this can also be obtained from the glucosides of 
Coniferce, and cellulose is probably a condensation product 
derived from this {Pictet and Sarcidin^ C. R. 1918, I 66 , 38), 
It is insoluble in the ordinary reagents, but dissolves in an 
ammoniacal solution of cupric oxide {SchweitzePs Reagent), 
and is reprecipitated on the addition of acids, alkalis, or salts. 
It also dissolves in a concentrated solution of zinc chloride. 
With iodine it gives a yellow or brown coloration, but in the 
presence of concentrated sulphuric acid a blue colour is 
developed. Parchment -paper is unglazed paper which has 
been immersed for a very short time in concentrated sulphuric 
acid and then thoroughly washed; the acid transforms a 
superficial layer of the cellulose into amyloid. Cellulose also 
gives a blue colour with a solution of iodine in zinc chloride 
and potassium iodide solution. It is usually estimated by 
Cross and Bevan^s method, which consists in converting all 
other materials into soluble products by means of moist 
chlorine, then washing thoroughly and weighing the dried 
cellulose. (For discussion on cellulose, cf. Cross and Bevan, 
J. S. Dyers, 1918, 34, 91 ; J. Soc. Arts, 1920). 

The following are the more important cellulose derivatives, 
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many of which are of considerable commercial value: — 
Cell^ose hydrates. These are products which closely 
resemble cellulose in composition, do not possess reducing 
properties, but are extremely hygroscopic. An important 
representative of this class is mercerized cotton, obtained by 
the action of cold, concentrated (15-25 per cent) sodium 
hydroxide on cotton. It is characterized by the readiness 
with which it can be dyed. Hydrocellnloses, obtained by 
the action of cold, concentrated acids, or by boiling with 
acetic acid containing two per cent of sulphuric acid, still 
retain their fibrous structure but are readily ground to a 
powder; they are less hygroscopic than cellulose and have 
pronounced reducing properties. Oxycelluloses are products 
formed by the action of oxydizing agents on cellulose. 
They dissolve in dilute sodium hydroxide solution, yielding 
golden-yellow solutions, have strong reducing properties, and 
appear to contain reactive carbonjd groups, and react with 
phenyl hydrazine. They give a red coloration with aniline, 
and are less stable and more reactive than the celluloses 
proper. When boiled with hydrochloric acid they yield 
furfuraldehyde, which can be estimated by means of phloro- 
glucinol. This reaction is used not merely for detecting 
but for estimating oxycelluloses. The oxycelluloses are 
widely distributed in nature, usually in the form of com- 
pound celluloses. Thus they are present in the celluloses 
from woods and lignified tissues generally, and are the chief 
constituents of the celluloses from cereal, straws, and esparto. 
According to Henser and Hang (Z. Angew. 1918, 31, 99, 103, 
172), straw cellulose is a mixture of normal cellulose and 
pentosans, and is not a natural oxycellulose. It is highly 
probable that the substances termed cellulose hydrates, hydro- 
celluloses, and oxycelluloses are not chemical entities but 
mixtures of different products. 

Cellulose gives rise to a peroxide when treated with 
bleaching powder, acidified ammonium, persulphate, ozone, 
or other oxidizing agents. This is destroyed by treatment 
with sodium thiosulphate. 

Cellulose can undergo fermentation by means of certain 
species of bacteria. Certain species tend to form methane 
and others hydrogen, but in both (jases carbon dioxides and 
fatty acids (acetic and butyric) are also formed. {Omelianski, 
Abs. 1902, ii, 468; 1906, ii, 278; Pringsheim^ ibid. 1913, 
i, 1281.) 
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Cellulose Esters 

The cellulose esters are compounds of considerable com- 
mercial importance. The acetates, especially those containing 
five acetyl groups for each cellulose unit and soluble in 
acetone, are largely used for dopes for aeroplane wings, also 
for making collodion, photographic films, celluloids, and other 
purposes. (£. G. Worden, J. S. C. L 1919, 38, 370, T.) 

The nitric esters, so called nitro-celluloses, are used for a 
variety of purposes, and are usually prepared by the action of 
a mixture of nitric and sulphuric acids on the carbohydrate. 
The nature of the product depends largely on the concentration 
of the acid mixture and upon the temperature. In order to 
render the products stable, it is necessary to remove all traces 
of free acid. Collodion, a tetranitrate, is soluble in a mixture 
of alcohol and ether (1:7), and the solution is largely used for 
coating materials and rendering them air-tight. It is also used 
for the manufacture of artificial silk and in photography. 
When mixed with camphor (various other substitutes, such 
as phenolic esters, are now used) it forms ordinary celluloid. 
Gun-cotton, pyroxiline, is probably a hexanitrate; in appear- 
ance it resembles cotton-wool, but is not so soft. It burns 
readily and explodes when struck or strongly heated. It is 
largely used for making smokeless powders, cordite, blasting 
gelatines, &c., and is often met with in the form of compressed 
cakes. 

Practically all artificial silks are cellulose derivatives. The 
oldest method (Chardonnel) consisted in dissolving cellulose 
nitrates in a mixture of alcohol and other (3:2), and forcing 
the solution under pressure from a copper vessel through small 
capillary tubes into water. The thread thus obtained was 
stretched to about the thickness of natural silk, and as it be- 
came hard was wound, dried, and denitrated by treatment 
with a reducing agent, such as ammonium sulphide or cuprous 
chloride and hydrochloric acid. 

Other methods which are ngw adopted consist in (a) the use 
of cellulose acetates obtained by the action of acetyl chloride 
and zinc acetate or quinoline, or of acetic anhydride and a 
mineral aci(J on cellulose. The solution of the acetate is 
squirted into alcohol through small holes, (b) The use of a 
solution of cellulose in ammoniacal cupric oxide, and forcing 
the solution through small holes into dilute acid (Pauly), 
(c) Use of viscose. 
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Artificial human and horse hair are manufactured hy 
similar methods. The artificial silks are used for the manu- 
facture of fabricS) and also for insulating metallic wires. (Cf 
fFitsoiiy J. S. C* I. 1917, 36, 817.) Viscose (Cross and Bevan) 
is the sodium salt of cellulose xanthate. Cotton fibre is 
allowed to swell by treatment with sodium hydroxide solution, 
and is then shaken Muth carbon disulphide. Its solution in 
water forms a gelatinous mass which can be moulded. When 
exposed to the air it shrinks and hardens to a horn-like mass. 
It is used as a substitute for glue, celluloid, horn, ivory, &c. 
When used for the manufacture of artificial silk it is necessary 
to purify it; this is done by acidifying with a weak acid 
(acetic or lactic), precipitating with alcohol or brine, and 
Washing. 

Visooid is a mixture of viscose with clay or zinc oxide, and 
sets to an extremely hard mass. 

Compound Celluloses 

These comprise the natural products in which the cellulose 
molecules are united to those of a different type and include 
ligno-celluloses, pecto-celluloses, muco-celluloses, adipo-cel- 
luloses, and cuto-celluloses. 

The ligno-oelluloses are compounds of lignin or lignone, 6,9 
HggOg, and cellulose, and are met with in jute and in most 
woods or lignified tissues of perrenial stems. It is probable 
that the non-cellulose portion of the molecule consists of a 
cyclo-hexenedione. 

In the pecto- and muco-celluloses the non-cellulose con- 
stituents are colloidal forms of carbohydrates or allied deriva- 
tives, hemi-celluloses, which are easily hydrolysed to pectin or 
pectic acids, and these readily gelatinize. The main flax fibre 
consists of pecto-celluloses, as does China grass or rhamie. In 
the adipo- and cuto-celluloses the cellulose is associated with 
fatty and waxy compounds of high molecular weight. The 
best-known representative is cork in which the cellulose is 
combined or mixed with cutin and suberin which appear to be 
glycerides of complex acids such as stearo-cutic. (For rafia, see 
Cross and Bevan, J. S. Dyers, 1919, 36, 70.) 

The celluloses in the more or less raw state forifo the staple 
of the linen and cotton industries ; in fhe paper industry they 
are subjected to preliminary treatment, and in the form of 
derivatives they are the bases of the artificial-silk industry. 
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Paper. The old method of manufacturing paper was to 
treat flax or cotton to processes of hydrolysis, e.g, treatment 
with dilute caustic soda, under pressure, and then bleaching, 
either sun bleaching or, subsequently, bleaching with chlorine 
or bleaching powder. Such paper is termed rag paper and, on 
the whole, is very resistent, and can be preserved for centuries 
without deterioration. 

The object of the treatment with alkali and also of the 
bleaching agent is to remove by hydrolysis or oxidation the 
non-cellulose constituents in the original fibre, as these are 
much more readily attacked than the cellulose proper. 

With the increase in the demand for cheap paper other raw 
materials, esparto grass, straw, bamboo and wood-pulp 
have been introduced, and the result has been a considerable 
deterioration in the quality of paper and in its keeping pro- 
perties. This is explicable when it is remembered that esparto 
cellulose is largely an oxy cellulose which is far less resistent 
to chemical action than a true cellulose, and that mechanical 
wood-pulp contains all the lignin of the original wood. 

Chemical wood-pulp is now usually made by digesting the 
disintegrated wood with calcium bisulphite under pressure. 
The bisulphite produces a disintegration of the lignin; after 
removal from the autoclaves the pulp is washed, bleached, and 
again washed, and is then ready for conversion into paper. 
As a rule, sizing materials, e,g, rosin and alum, are mixed with 
the pulp, and a final sizing with gelatine is applied in order 
to make the surface less porous. 

By-products are now obtained from the waste sulphite 
liquors. These can be evaporated and the residue subjected 
to destructive distillation for the production of acetone, 
methyl alcohol, &c., or they can be fermented by a special 
species of yeast and ethyl alcohol isolated (1 per cent of 
volume of liquor). (Cf. Johnsen, J. S. C. I. 1918, 37, 129 T.) 

Sodium sulphate mixed with sodium sulphide is also used 
for treating wood-pulp under pressure, and the product known 
as “ sulphate pulp ” is largely Hised in Scandinavia for manu- 
facturing stout packing papers known as “ Kraft paper”. 

The hemi-oelluloses or reserve celluloses are an^drides of 
monosaccharopes ; they are not soluble in water but are readily 
hydrolysed by dilute mineral acids, to soluble monosaccharoses, 
and in this respect difFei^ from the celluloses proper. These 
products are usually mixtures containing c?-mannose, e^-galactose, 
!-arabinose, Z-xyloxe, and occasionally ^fructose and d-glucose. 
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They are present in cells, walls, and in seeds, especially 
in the husks of shells, e,g, peas, vetches, coflfee beans, date 
stones. 

Their main function is to serve as reserve cellulose, and 
during germination of the seed they are used up. Examples 
of hemi-celluloses are mannane, paramannane, galactane, &c. 

Starch or Amyluin, is present in all assimilating 

plants, being built up by tne chlorophyll granules from the 
carbon dioxide absorbed, and is found especially in the nutri- 
ment reservoirs of the plants, e.g, in the grains of cereals, in 
perennial roots, potatoes, <fec. It is converted into sugar 
during the transference of the sap. It forms a white, velvety, 
hygroscopic powder which consists of round or elongated 
granules built up of concentric layers around a nucleus, and 
insoluble in cold water. 

The form and size of the granules differ considerable with 
starches from different sources. In potato starch the granules 
are large and somewhat angular, and the nucleus is situated 
excentrically at the narrower end of the granule. In wheat 
starch the granules are nearly spherical and the layers arranged 
symmetrically around a central nucleus. When heated with 
water the granules swell and burst, forming an opalescent 
liquid which sets to a stiff paste when cold. There appears 
to be no difference between the outer and inner portions of the 
granules. (Eanison, J. S. Dyers, 1916, 32, 40.) 

Potatoes contain 15-20 per cent of starch, wheat 60-65, 
maize 65, and rice 75-80. Arrowroot is obtained from the 
rhizomes of species of Maranta of the West Indies, and also 
from the root-stocks of Curcuma angustifolia in the East Indies. 
Sago is derived from the pith of the sago palm {Sagus Icevis)^ 
and tapioca is prepared from the tubers of the cassava {Manihot 
utillisima) of the tropics. 

Both the granules of starch and its jelly are coloured an 
intense blue by iodine and bright yellow by bromine, from the 
formation of loose additive compounds, “iodide and bromide 
of starch”. The colour of the iodide of starch vanishes on 
heating, but reappears on cooling. Ordinary air-dried starch 
contains some 10-20 per cent of water, which can be removed 
by heating to 105°. t 

Soluble starch is formed (a) by leaving starch in contact 
with cold mineral acids, (b) by heating starch with glycerol, 
(c) by boiling starch with water containing a little sulphuric 
acid, (d) by the action of diastase on starch. Prolonged treat- 
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merit with mineral acids converts starch into dextrins and 
maltose and finally into cZ-glucose {Daishy J. C. S. 1914, 105, 
2053, 2065); ordinary diastase or amylase converts starch 
finally into dextrins and maltose, whereas takadiastase which 
contains the enzyme maltase yields ^^-glucose as final product. 
(Davis and Daishy Abs. 1914, ii, 588. Cf. Baker and Hultoriy 
J. C. S. 1914, 105, 1529; W, A, DaviSy J. S. Dyers, 1914, 30 , 
249). Saliva and pancreatic juice also hydrolyse starch. 

Liohenin, or Moss starchy present in many lichens, e.g, in 
Iceland moss (Cetraria islandica)y is coloured a dirty blue by 
iodine; and inulin, present in the tubers of the dahlia and in 
the roots of chicory {Inula Helenium)y is coloured yellow by 
iodine and converted into f?-fructose when boiled with water. 

Glycogen, or Animal starch. Liver starchy is present, e.g, in 
the livers of the mammalia. It is a colourless amorphous 
powder which is turned wine-red by iodine ; after the death 
of the animal it rapidly changes into c?-glucose, the same 
conversion being effected by boiling with dilute acids, while 
enzymes transform it into maltose. For preparation from 
yeast, see Harden and Youngy J. C. S. 1912, 101, 1928. 

Dextrine, or Starch gurriy is a comprehensive name applied to 
intermediate products obtained in the transformation of starch 
into maltose and 6]?-glucose. It may be prepared (a) by heating 
starch either alone or with a little nitric acid, or, even better, 
in a vacuum at 120° over P 40 j^; (b) together with d-glucose by 
boiling starch with dilute sulphuric acid ; and (c) together with 
maltose by the action of diastase on starch. The dextrines 
are soluble in water, and are precipitated by alcohol. They 
are often named according to their reaction with iodine, e,g, 
amylo- dextrine blue, ery thro- dextrine red, and ac^oo- 
dextrine no colour. They do not reduce Fehling^s solution 
even when warmed, and are not directly fermentable by yeast 
but only after the prolonged action of diastase, glucose being 
formed as an intermediate product. 

They are probably formed by a process of dehydration 
rather than hydrolysis (C.R. *1912, 154, 443). For molecular 
weights by viscosity determinations, see Biltz, B. 1913, 46 , 
1377. 

Two crystalline dextrins have been obtained by the action 
of Bacillus macerans on starch paste (B. 1912, 46, 2533; 1913, 
46 , 2959; 1914, 47 , 2565). The a compound is a tetramylase 
(CftH|Q 05 ) 4 , and the ^ a hexamylase. 

Synthesis of Sugars. — The sugars are e^remely important 
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from the point of view of plant physiology. The plant ab- 
sorbs carbon dioxide and water, and with the aid of sunlight 
is capable, in the presence of chlorophyll, of transforming these 
into glucose and even more complex carbohydrates, such as 
starch, and oxygen, equal in volume to the carbon dioxide 
used, is evolved. Various speculations have been made with 
regard to the manner in which these complex compounds are 
formed. Baeyer has suggested that the carbon dioxide is 
first reduced to formaldehyde, and this then polymerizes as in 
Loevfs experiments, yielding carbohydrates, 

OOj — H.C<^ — (HaCrO), = CeH,A- 

For many years the important link in this chain, viz. the 
reduction of carbon dioxide to formaldehyde, was missing; 
the reaction could not be accomplished in the laboratory. 
Fenton has shown (J. C. S. 1907, 91, 687) that when carbon 
dioxide is passed into water in which sticks of magnesium are 
immersed, a small amount of the gas is reduced to formal- 
dehyde, especially in the presence of ammonia or phenyl- 
hydrazine. Loh has also found that moist carbon dioxide 
yields formaldehyde under the influence of the silent electric 
discharge (Zeit. Elec. 1905, 11, 745; 1906, 12, 282). 

Grafe (B. Bot. Ges. 1911, 29 , 19) has shown that green 
seedlings can grow in an atmosphere containing 1*3 per 
cent of foimaldehyde in the absence of carbon dioxide, and 
numerous authorities have proved the presence of small 
amounts of formaldehyde in assimilating leaves. Compare 
Usher and Priestly (P. R S. 1906, 77 B. 369; 78 B. 318; 1911, 
84 B. 101), who show that the normal products of photolysis 
of carbon dioxide are H 2 O 2 and formaldehyde, although under 
certain conditions formic acid can be produced. 
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Class II.— CHEMISTRY OF THE CYCLIC 
COMPOUNDS 


XV. INTEODUC5TION 

The compounds which have been dealt with in Chapters I to 
XIV are derivable from the homologous hydrocarbons 
CnHto, &c., by the exchange of hydrogen for halogen, 

hydroxyl or oxygen, amido^en, car&xyl, &c. ; and since all the 
hydrocarbons already mentioned may also be regarded as deri- 
vatives of methane (e,g, CoH^ = CH3(CH3) = methyl-methane, 
CgHg = CH2 (CHo) 2 = dimethyl-methane, = CH2:CH2 

= methylene-methane, CgHg = CH:CH = methine-methane, 
&c.), we may term the compounds which have been described 
in the foregoing portion of this book methane derivatives. 

As nearly all these compounds have open-chain formulae, 
they are spoken of as open-chain compounds, or often ali- 
phatic compounds. 

But in addition to this first class of organic compounds 
there is a second great class, viz. that of the olosed-ohain com- 
pounds. The old classification was into aliphatic or methane de- 
rivatives and aromatic or benzene derivatives. The expression 
“aromatic” is historical, but no longer justified by facts, since 
compounds of agreeable as well as unpleasant odour are to be 
found in both classes. The members of this second class which 
are derivable from the hydrocarbon benzene, C3H3 (and also 
from more complicated hydrocarbons such as anthracene, naph- 
thalene, &c., which are themselves derivatives of benzene), just 
as the methane derivatives are* from methane, are designated 
benzene derivatives. 

Eecent investigations have led to the discovery of numerous 
other cyclic Compounds which cannot be regarded as simple 
derivatives of benzene, e,g . : 

CHj CH:CH\ . 

841 
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and hence the modern classification of the cyclic compounds is 
into: — 

A. Carbocyclio or Isooyclio. — In all these compounds the 
ring or closed chain is composed entirely of carbon atoms. 
The carbocyclic compounds are usually divided into — 

(i) Polymethylene derivatives or naphthenes. 

(ii) Benzene derivatives or aromatic compounds, including 
the allied compounds naphthalene, anthracene, &c. 

B. HeterocyoUc Compounds. — In these compounds the closed 
ring is formed partly of carbon atoms and partly of atoms of 
other elements. Well-known examples are: 

CH:CH\ CH:CH\ 

6h:CH> CT:Ch/® 

(pyrrole), (pyridine), &c. 
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The hydrocarbons from which all these compounds are 
derived consist of three or more methylene groups united 
together to form a closed ring. The names for the specific 
hydrocarbons indicate the number of such groups, e,g, : 



CHj.CHa 

(trimothjlene), I I 

CHj.CHg 

•CHj 

i Cpentamethjlene), GHg* 
Hj 


(totrameihylene), 



(hezametbyleiM). 


The systematic names for these compounds are cyclo-pro- 
pane, cyclo-butane, &c., although the compounds are isomeric 
with the olefines, and have the same general formula, CnHjn. 
The above names indicate the fact that the compounds are in 
a sense saturated. The systematic nomenclature for deriva- 
tives is similar to that used in the aliphatic series. Thus, 

cyclo-pentene, is 
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cyclo-pentanone, is cyclo-Ai-pentene-4-one, 

and iscyclo-A2-hexene-4-one-l-acid. 


Relative Stability of Folymethylene Compounds. — The 

majority of trimethylene derivatives are relatively unstable; 
to a certain extent they resemble ethylene oxide, and are 
capable of forming additive products by the rupture of the 
ring. Thus bromine slowly transforms trimethylene under 
the influence of sunlight into trimethylene dibromide: 

CHjBr-CHj-CHjBr. 

Tetramethylene derivatives are somewhat more stable, and 
penta- and hexa-methylene derivatives are quite stable and 
show little or no tendency towards the rupture of the molecule. 

Reduction hySahatiefraAid Sender ens^ method (Chap. XLIV, C.), 
using hydrogen in presence of finely divided nickel, converts 
trimothylene into propane and tetramethylene into butane 
{milstdtter and Bruce, B. 1907, 40, 3979, 4456). When, 
however, the 7 and 8 C-ring systems are reduced by a similar 
process an interesting ring degradation occurs (Chap. LII), 
thus cyclo-heptane yields a mixture of methyl -cyclo-hexane 
and dimethyl-cyclo-pentane, and cyclo-octane yields dimethyl- 
cyclo-hexane (B. 1908, 41, 1480). 

These facts are in harmony with Baeyer^s tension theory. 
If the four valencies of the tetravalent carbon atom are 
assumed to be symmetrically distributed in space around the 
carbon atom, it is found that ring formation in the case of a 
cyclo-propane derivative can only take place by the exercise of 
a considerable strain in the molecule; hence when the ring 
formation is completed there is considerable tendency for it to 
spring apart or rupture at some point. With penta- and hexa- 
methylene compounds, on the other hand, it can be seen by 
the aid of models that practically no strain is required to com- 
plete the ring formation, and tlius the rings when once formed 
are relatively stable. With hepta- and octa-methylene deriva- 
tives also a strain is exerted. 

The numbfer of carbon atoms constituting the ring is not 
the only factor which determines the ease of formation of a 
ring system or its relative stability when once formed. Rings 
containing a quaternary carbon atom are difficult to form, and 
when once formed are relatively unstable, a phenomenon well 
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illustrated by a comparison of ethyl cyclo-propane-1 :1 -dicar- 
boxy late and the isomeric l:2-dicarboxylate {Goldsworthy and 
Perkin^ J. C. S. 1914, 106 , 2665; Kenner^ ibid, 2685). 

A good illustration of the different ways in which a com- 
plex cyclo-propane derivative can undergo fission is met with 
in ethyl 2-pheny 1-3-benzoy 1-1 :l-dicarboxy late: 

2 




8 


Nascent hydrogen opens the ring between C atoms 1 and 3, 
yielding products of the type (C 02 Et)oCH-CHPh*CH 2 -C 0 Ph; 
alkyl oxides, ammonia and amines produce a fission between 
atoms 1 and 2, so that compounds of the type (C 02 Et) 2 CH' 
C(COPh):OHPh are formed, and lastly, halogen hydrides dis- 
solved in glacial acetic acid attack the union between atoms 
2 and 3, and also that between 1 and 2, yielding respectively 
{a) and {h) {Kohler, J.A.C.S. 1917, 39 , 1404, 1699, 2406); 

(а) CHPhBr-C(C02H)2.CH2*C0Ph 

or CHPhBr.qC02H)2-CH:CPh.0H, 

( б ) CHPhBr.CH(COPh).CH(CX)2H)2, 


and these by the loss of COg and HBr yield respectively the 
/CH:CPh 

lactone, CHPh:C^^^ ^ 

C(C0Ph)-CH2-C02H. 


and the unsaturated acid, CHPh; 


GENERAL METHODS OF FORMATION 


1. By the action of sodium on dihalogen derivatives of the 
paraffins {Freund). The two halogen atoms must not be 
attached to the same or to adjacent carbon atoms. 


ch,<8: 


HoBr 


CHgBr^ 


CHa-CHgBr 

CHa-CHjBr 


2Na = 2NaBr + CH 2 (^^* 
T T> CHa'CHa 

2N. = + 


2. Acids and their esters can be obtained by , the conden- 
sation of ethyl sodio-malonate with ethylene dibromide and 
other dihalogen derivatives {fF, H. Perkin, Jun.): 

6 h,B^ + Na,qCO,Et), = 2 NaBr + ^|^C(CO,Et)^ 
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and the ester on hydrolysis yields trimethylene-dicarboxylio 
acid. 

Ethyl acetoacetate may be substituted for ethyl malonate. 

3. By the action of halogens (bromine, or preferably iodine) 
on the sodio-derivatives of certain esters, e.g, sodio-derivative 
of ethyl butane-tetracarboxylate (^. H, Perkin^ Jun,): 

CH,.CNa(00,Et), ^ (M,.0((X)aEt), 

CH,.CNa(COaEt)j“^ * ■*" CH,.6(00,Et)^ 


4. By intramolecular pinacone formation. Just as ketones 
on reduction yield pinacones : 

•C:0 . - (CH8)2C.0H 

.0:0 + (CH8)jC.0H 



(cf. p. 198), so certain diketones on reduction yield cyclic 
pinacones, ie. dihydric alcohols derived from the polymethy- 
lene hydrocarbons: 


CH*<; 


CH2.CO.CH3 , gXT 
CHo.CO.CHo + ^^ 


yCH2.C(OH).CH3 

^\cHa.C(0H).CH3 
1 : 2-Bimethyl-l : 2-diliydroxy 
cyclo-pentane. 


5. A number of ketones derived from the polymethylenes 
have been obtained by the dry distillation of the calcium salts 
of the higher dibasic acids of the oxalic series (/. Widicenus)^ 
e.g, calcium adipate yields keto-pentamethylene : 


CHa.CHg.CO.O 
CHa.CHj.CO 


> 


CaCOs + 


CHa-CHa 
CH. 




and this can be reduced to pentamethylene. The constitution 
of the keto-derivative follows from the fact that on oxidation 
the ring is ruptured and glutaric acid is formed. 

Keto-hexamethylene and keto-heptamethylene or suberone 
have been obtained by similar methods, but the yield is not so 
good in these two cases. 

6. Hexamethylene compounds are often obtained by the 
reduction of benzene derivatives with sodium and alcohol. 

7. Several byclo-hexane derivatives are present in the oil 
formed as a by-product in NewtKs method for preparing ethy- 
lene from ethyl alcohol and phosphoric acid. 

General Properties . — On the whole these compounds some- 
what closely resemble the paraffins as regards their chemical 
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properties, hence the names cyclo-pentane for pentamethylene, 
cyclo-hexane, &c. 

The trimethylene compounds, however, resemble the ole- 
fines, (a) they can combine with bromine to form additive 
compounds; (M they are slowly oxidized by permanganate. 
In neither of these reactions do they take part so readily as 
the simpler olefines, and in all cases the products obtained are 
formed at the expense of the rupture of the ring. 

The fact that the majority of the hydrocarbons of this series 
resemble paraffins indicates that the formation of a closed chain 
does not affect to any considerable extent the properties of 
a compound (cf. Benzene). 

In their chemical properties the compounds closely resemble 
the corresponding derivatives of the paraffins, the acids 
resemble to a large extent the fatty acids, yielding salts, esters, 
acid chlorides, amides, &c. 

Isomerism. — (a) Position Isomerism. — No examples of iso- 
merism have been met with in the case of mono-substituted de- 
rivatives, only one tetramethylenecarboxylic acid is known. 
Position isomerism can occur in the case of di- and poly-sub- 
stituted derivatives, €,g, tetramethylene-l :l-dicarboxylic acid 
and isomeric 1 :2 and 1:3 acids. 

2 

4 l:2-Dlcarboxylle acid 

I:l-Dlcarboxyllo acid 

00^ . CH<^>CH . COjH 
l;8-Dicarboxylic acid. 

The number of isomerides possible in each case can be worked 
out by the student (cf. Benzene Derivatives). 

(6) Stereo -isomerism. — Certain di- substituted derivatives 
have been found to exist in isomeric forms which are struc- 
turally identical. These must therefore be stereo-isomerio. 
Some of the simplest examples of this stereo-isomerism are 
met with in the dibasic adds. For example:,, 

Tetramethylene-l :2-dicarboxylic acid exists in two isomeric 
forms. In both acids the 2 CO 2 H groups are attached to the 
carbon atoms 1 and 2, and the only difference is in the relative 
spatial relationships of the groups. If the plane of the paper 
represents the plane in which the centres of gravity of 
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the four carbon atoms of the ring lie, then the possibilities 
are — 



(I) That the two COgH groups lie in the same plane either 
above or below the plane of the paper (this is known as the cis 
acid); and (II) that the two COgH groups lie in different planes, 
one above and one below the plane of the paper (this is 
known as the trans acid). As a rule, the cis acids yield inner 

anhydrides, e,g, C 4 Hfl<^QQ^> 0 , more readily than the stereo- 

isomeric traris acids, and the ds acids are generally transformed 
into the corresponding tram acids when heated with hydro- 
chloric acid at 190®. (Cf. Perkin^ Jun,, J. C. S. 1894, 672.) 

A simple method of depicting these isomerides is due to 
Aschan (B. 1902, 36, 3389). 

The plane of the carbon atoms of the Ving is represented 
by a straight line. The unsubstituted hydrogen atoms are 
not denoted, only those which have been replaced by sub- 
stituents. It has been found that the symmetry of such pro- 
jections corresponds with the symmetry of the molecules 
projected. For the cis dicarboxylic acids, for example, if 
COgH = X, we have : 

(I)CW. X X aDtran*. X (HI). X 

X X 

The cis compound (I) is not perfectly asymmetric, whereas 
the trans compound (II) is. Corresponding with (II) is a third 
isomeride, which stands in the same relationship to (II) as an 
object to its mirror image, or as d- to Z-lactic acids. Both 
should therefore be optically active (one d and the other I to 
the same extent), and should be capable of combining to yield 
a racemic compound. All the trans compounds prepared arti- 
ficially are optically inactive, and are presumably therefore 
racemic compounds of (II^ and (III), and a few, e.g, trans tri- 
methylene-1 :2-dicarboxylic acid and the tricarboxylic acid, have 
been resolved into optically active components by means of 
quinine (B. 1906, 3102). 



348 XVII. BENZENE DERIVATIVES. INTRODUCTION 


Intermediate between the polymethylene compounds and 
benzene derivatives are the reduction products of benzene 
and its derivatives, e,g. di- and tetra-hydrobenzene, tetrahydro- 

S hthalic acid, &c., C^Hg, CgHig, CgHg(C02H)2. These will be 
iscussed along with the benzene compounds, from which they 
are derived. 


Xm BENZENE DEEIVATIVES. INTEODUCTION 

Benzene is, as its fomula CgH- shows, a compound much 
poorer in hydrogen than the paraffins, containing 8 hydrogen 
atoms less than hexane, CgH^4j in the same way all benzene 
derivatives are much poorer in hydrogen, richer in carbon 
than the analogous methane derivatives, as is seen by com- 
paring benzoic acid, C^HgOg, with h^toic acid, C7H14O2, 
or aniline, CgH^N, with ethylamine, CXN, &c. 

The hydrogen atoms of benzene are, like those of methane, 
replaceable by numerous types of radicals. By the entrance 
of halogens, halide substitution products are formed, by the 
entrance of NHgi aromatic bases, of OH, phenols, of NO^, 
nitro-compounds, and of CHg, &c., the homolo^es of benzene; 
there are, in addition to these, aromatic alccmols, aldehydes, 
acids, &c. 

These benzene derivatives are partly analogous in their 
properties to the methane derivatives of corresponding com- 
position; in part, however, they show new and peculiar pro- 
perties of their own (see pp. 349 ti seq,). One distinguishes 
between mono-, di-, tri-, &c., substituted benzene derivati^’«s 
according as 1, 2, or more hydrogen atoms are rg)laced by 
the various radicals; thus, for instance, toluene, CgHg-CHg, 
and chloro-benzene, CgHg-Cl, are mono-derivatives, dimethyl- 
benzene, C«H4(OHg)2, and dichloro-benzene, C-H4CI0, di-deri- 
A^atives, and so on. It is not necessary that the substituents 
should be identical, so that innumerable compounds are known 
containing various substituents, e,g, 0H'CgH4*N02, nitro- 
phenol; CgH4Br-S03H, bromobenzene-sulphonic acid; CHg* 
UgH8(NOo)2, dinitro-toluene. Such compounds have usually 
some of tne characteristics of all those mono-derivatives which 
result from benzene by the exchange of one hydrogen atom 
for one of these substituents. 

All the derivatives of benzene can be converted either into 
benzene itself or into very closely allied compounds by rela- 
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lively simple reactions. Thus all the carboxylic acids of beii 
zene (benzoic, phthalic, mellitic, &c.) yield benzene on dis- 
tillation with lime, while other acids, such as salicylic, evolve 
CO 2 and yield phenol; the last-named compound is converted 
into benzene when distilled with zinc dust. The bomologues 
of benzene are converted by oxidation into benzene-carboxylic 
acids, which yield benzene when heated with lime. 

The relationship of a benzene derivative to its mother substance is 
therefore a very simple one. 

This circumstance is one particularly worthy of note, since 
the atomic group is already a tolerably complicated 

molecule in itself, and also because benzene cannot by any 
means be transformed into a simpler hydrocarbon containing 
6, 4, or 3 carbon atoms; when oxidized, which is a matter of 
difficulty, it yields carbonic or similar simple organic acids. 

The benzene derivatives are connected with one another by 
the most varied reactions. The NOg group is readily con- 
vertible into NHg, and the latter is replaceable by halogen, 
hydrogen, and hydroxyl; the halogen is also replaceable by 
methyl, carboxyl, &c. 

As a rule, the group of 6 carbons with the hydrogens is 
spoken of as the benzene nucleus, and all substituents are 
spoken of as side chains. Thus in CgH^-CHO, CeH 4 »(CH^) 2 , 

the radicals underlined are the side chains. 

A, Characteristic Properties of Benzene Derivatives 

In many chemical properties benzene and its derivatives 
differ markedly from the paraffins or unsaturated open-chain 
hydrocarbons. 

1. The aromatic hydrocarbons and their derivatives are 
readily attacked by concentrated nitric acid, yielding nitro 
derivatives : 

CeHft. H + HO .NOj = H^O + CeHg-NOg. 

■* 

Certain of the higher paraffins also yield nitro-derivatives 
when heated with nitric acid (p. 98). 

2. Sulphonic acids are readily formed by the action of con- 
centratea or fuming sulphuric acid: 

CjHft-iH + OH -SOj-OH = H2O + CeH; -SOj-OH. 

This type of reaction is never met with in the aliphatic series. 
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3. The homologues of benzene differ from the paraffins 
especially as regards oxidation; while the latter are only 
attacked with difficulty by oxidizing agents, the former are 
readily converted into benzene-carboxylic acids: 

CeH,.CH3 CeH^.COjH. 

4. The halogens chlonne and bromine can react with ben- 

zene in two distinct ways : (a) yielding substituted derivatives, 
e.g, CgHfl + = C^jHgBr + HBr, or (b) yielding additive 

products, e.g, CfgH^Brg. 

The process of substitution is the more important and the 
commoner of the two reactions. 

5. There are not wanting other distinguishing characteristics 
between the aromatic hydrocarbons and the paraffins. Thus 
the halogen compounds C^H^X are chemically less active, and 
the hydroxyl compounds, e.g. CgH 5 (OH), are of a more acidic 
nature than the corresponding fatty bodies. The phenyl radical, 
CgHj, is therefore more acid or ‘‘ negative ” in character than 
the ethyl, (cf. F. Meyer, B. 20, 534, 2944; A. 260, 118). 

6. Diazo-com pounds are far more common in the aromatic 
series than in the aliphatic. 

B. Isomeric Relations 

1. While several isomeric mono-derivatives are both theo- 
retically possible and have been actually obtained from each 
hexane, CgHi 4 , benzene is only capable of forming a single 
mono -derivative in each case; isomeric mono -derivatives of 
benzene are unknown. The six hydrogen atoms of benzene thus 
possess an equal value, or are similarly situated within the molecule. 
This is not merely an empirical law, but one which has been 
proved experimentally. 

PROOF OF THE EQUAL VALUE OF THE SIX HYDROGEN 

ATOMS 

Let the 6 H atoms be designated as a, b, c, d, e, and / 
respectively. 

(1) Phenol, CgH 5 (OH), whose hydroxyl may have replaced 
the H atom a, may be converted into bromo-benzene, C^H^Br, 
and this latter into benzoic acid, CgH^(C02H). The carboxyl 
in the latter has therefore also the position a, i.e. it has re- 
placed the H atom a. 
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(2) Three hydroxv-benzolc acids, C5H4(0H)(C02H), can 
either be prepared from benzoic acid or converted into it; 
their carboxyl therefore has the position a, and consequently 
their hydroxyl must replace some one of the other H atoms, 
bo it ft, c, or d, 

(3) Each hydroxy-benzoic acid can be decomposed, yielding 
carbon dioxide and ordinary phenol, C^HjOH; 

CeH,(OHXCO,H) = CeHs(OH) + COr 

And since the latter compound contains the hydroxyl in 
position a, according to (1), while the hydroxyl in the hy- 
droxy-benzoic acids replaces the H atoms ft, c, and d, it follows 
that the hydrogen atoms a, ft, c, and d are of equal value. 

(4) Now, as will be explained on p. 352, for each H atom 
there are present two other pairs of symmetrical hydrogen 
atoms, ie, pairs of which either the one or the other atom 
may be replaced by any given radical without different sub- 
stances resulting. But the atoms of such a pair cannot both 
be present in the positions a, ft, c, and d, as in this case three 
hydroxy-benzoic acids could not exist. It must therefore be 
the remaining H atoms e and / which are respectively in posi- 
tions symmetrically situated to two of the former, and which 
are therefore of equal value with them, ie, « = c, / = ft. Since, 
however, a = ft = c = d, it follows that all the 6 hydrogen 
atoms are of equal value (Laderiburgy B. 7, 1684). 

2. With di-substituted derivatives of benzene it has been 
found that in each case three distinct isomeric forms exist. 
The two substituents may be alike, or they may be dis- 
similar, e,g, three dichloro-benzenes, CgH^Clg, three diamino- 
benzenes, 0flH4(NH2)2, three dimethyl-benzenes, CgH4(CH3)2, 
three hydroxy-benzoic acids, C3H4(6H)(C02H), are known. 
In no case have more than three such isomerides been found. 

It can be shown that with respect to each H atom of ben- 
zene, e,g. for a, two pairs of ot^er H atoms, e,g, ft and /, c and «, 
are symmetrically situated, so that it makes no difference 
whether, after a is replaced, the second substituent replaces 
the one or the other of the symmetrically placed hydrogen 
atoms, say h or /. According to the above notation, there- 
fore, aft = afy and ac ae. On the other hand, the com- 
binations aft and ac are not equivalent, but represent isomers; 
the combination ad, the only remaining case, represents the 
third isomer. 
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PROOFS THAT FOR EVERY H ATOM («) TWO OTHER PAIRS 
OF SYMMETRICALLY LINKED H ATOMS EXIST 

1. According to Huhn&r and Petei'mann (A. 149, 129; cf. 
also Hiibner, A 222, 67, 166), the (so-called meta-) bromo- 
benzoic acid, which is obtained by brominating benzoic acid, 
and whose Br atom may be in position c and COgH in posi- 
tion a, yields with nitric acid two nitrobromo-benzoic acids, 
C^H3Br(N02)(C02H), the NOg being, say, in positions b and /. 
These are both reduced by nascent hydrogen to the same (so- 
called ortho-) amino-benzoic acid, CeH4(NH2)(C02H), the NOg 
being here changed to NHp and the Br replaced by H. Since 
the same amino-benzoic acid is formed in both cases, notwith- 
standing that the nitro-groups must be in the place of different 
H atoms, say b and /, from the fact of the two nitro-acids 
being dissimilar, it follows that b and / must be arranged sym- 
metrically as regards the H atom a, i.e. ab = af, 

2. In an analogous manner salicylic acid, C3H4(OH)(COoH), 
which can be prepared from the above-mentioned amino-ben- 
zoic acid, yields two nitro-derivatives, C(jH3(0H)(N02)(C02H). 
If, however, the hydroxyl in these is replaced by hydrogen (a 
reaction which can be effected by indirect methods), the nitro- 
benzoic acids thus obtained, C3H^(N02)(C02H), are identical, 
and therefore the H atoms which have been replaced by 
NOj are in positions symmetrical to a. When this nitro- 
benzoic acid is in its turn reduced to amino-benzoic acid, 
03H4(NH2)(C0 oH), it is not the above (ortho-) amino-acid 
(where ab = aj) which is obtained, but an isomer. The NOg 
groups cannot therefore here be in the positions b and /, but 
must replace two other H atoms which are likewise symmetric 
towards a, say c and ie. ac ae {Hilbner, A. 195, 4). 

Thus two pairs of H atoms are symmetrically situated as 
regards the H atom a: ab = of; ac — ae. The only other 
possible combination is ad, Le, the sixth H atom has no 
other H atom corresponding w^th it relatively to a, 

Noelting (B. 1904, 37, 1015) has shown that the 2-chloro-6- 
hydroxy-toluene and the 6-chloro-2-hydroxy -toluene obtained 
by the following reactions are identical : 

1. 6-nitro-2-amiiio-toluene — ► 6-nitro-2-chloro-tolueiie 

— ► 6-amino-2-chloro-toluene — ► 6Xiydroxy-2-chloro-toluene. 

2. 6-nitro-2-amino-toluene — ► 6-mtro-2-hydroxy-tolnene 

— ► 6-amino-2-hydroxy-toluene — ► 6-chloro-2-nydroxy-toluene. 

Cf. also Cohm, J. C. S. 1915, 107, 847, 
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It has been assumed in the considerations just detailed that 
when one compound is converted into another by the exchange 
of atoms or radicals (NH 2 for NOg, H for OH), this exchange 
is effected without a so-called “molecular rearrangement’’ 
taking place at the same time (see p. 138). Experience has 
proved that this may be taken for granted in a large number 
of reactions which proceed with relative smoothness and at 
comparatively low temperatures. Those instances in which a 
molecular rearrangement ensues are now well known; espe- 
cially is this the case in the fusion of sulphonic acids with 
potash (exchange of SO3H for OH), a reaction which takes 
place at relatively high temperatures only, and which fre- 
quently leads to isomers of the compounds expected. Other 
examples are: (a) potassium ortho-hydroxy-benzoate heated 
at 200® yields the potassium salt of the para-acid; (b) all three 
isomeric bromo-benzene-sulphonic acids, CgH^Br^SOgH, and 
the three bromo-phenols, CgH.Br-OH, yield resorcinol or meta- 
dihydroxy-benzene, w-CflH 4 (OH) 2 , when fused with potash; (c) 
ortho-phenol-sulphonic acid when heated yields the isomeric 
para-acid, jt?-OH • CgH4 • SOgH. Keactions of this nature prob- 
ably arise from the successive taking up and splitting off of 
atoms or atomic groups. 

CONSTITUTION OF BENZENE 

The formula C^H^j at once indicates that benzene cannot be 
a saturated open-chain compound. The possibility that it is 
an open-chain unsaturated compound containing several double 
or triple bonds has been shown to be untenable, e,g. dipro- 
pargyl (p. 56), CHlC-CHg-CHg-C-CH, although resembling 
benzene in physical properties, is quite different as regards 
most of its chemical properties; it combines readily with 
bromine, yielding additive compounds with 2, 4, 6, or 8 atoms 
of bromine, and it is also oxidized with the greatest readiness. 
Benzene combines with bromin® only slowly and under specific 
conditions, and then yields C^H^Br^; it is, further, extremely 
stable towards oxidizing agents. The equivalency of the 
6 hydrogen adorns in the benzene molecule is a further strong 
argument against such open-chain formulae. KekuU was the 
first to suggest a closed-chain, cyclic, or ring formula for 
benzene. 

In order to account for the existence of only one mono- 
substituted derivative, C^HgX, but of three isomeric di-sub- 

(B480) 13 
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stituted derivatives, 6 ^ 114 X 2 , it is necessary to assume that 
a single hydrogen atom is attached to each carbon atom. 

CH 

This formula is usuallv known as the benzene ring. 

In the above formula the six hydrogen atoms are sjrmmetri- 
cally placed with respect to one another, and thus in the for- 
mation of a mono-substituted derivative it is immaterial which 
one of the six hydrogens is replaced; only one compound, 
CgHeX, can be formed. 

with di-substituted derivatives three isomerides are theo- 
retically possible, viz.: 



the 1:2 or ortho-compound, 1:3 or meta-compound, and the 
1:4 or para-compound 

The compound 1:6 is identical with 1:3, and 1:6 is identical 
with 1 : 2 . Cf. Wohl, B. 1910, 43, 3474. 

The hydrogen atoms in positions 2 : 6 form one pair of sym- 
metrical hydrogen atoms mentioned on p. 329, and those in 
positions 3:6 form the second pair, whereas the hydrogen in 
position 4 has no other hydrogen atom corresponding with it. 

Similarly, three tri-substituted derivatives, CgHgXg, are 
known, and only three are possible with such a ring formula, 
viz.: 


XXX 



(I) 1:2:3 or adjacent tri-derivative. 

?II) 1:3:6 or sym. tri-derivative. 

^ni) 1:2:4 or unsym. tri-derivative. 

Any other combination is identical with one of these, 2:4:6 
1:3:6, and 1:4:6 == 1:2:4. 
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The number of isomeridea is considerably increased when 
the three substituents are not similar, e,g, in a compound, 
NHo-CejHsBr.CO^H. 

With a tetra-suostituted derivative, C5H2X4, where all four 
substituents are alike, only three isomerides are possible, 
namely those corresponding with the a-, m-, and |Hii-deriva- 
tives: 


X X 



And with a penta-substituted derivative, CgHXg, only one 
form is possible. 

The number of isomeridea actually found in each case is in 
perfect harmony with these theoretical deductions. 

The ring formula for benzene, given above, represents each 
carbon atom as tervalent; the dilhculty of accounting for th( 
fourth valency can be overcome in several ways. 

The first method, suggested by KekuU* was to suppose 
alternate double and single bonds between the 6 carbon 


atoms, e,g,: 


CH 

b.c/\m 




This fomula is in perfect harmony with the formation of 
benzene from acetylene, and of trimethyl-benzene from acetone. 
It also largely accounts for the formation of additive com 
pounds by benzene and its derivatives, e.g, di-, tetra- and hexa- 
hydro - derivatives, C^Hg, CgHjg (p. 373); benzene 

hexachloride, CgHgClg (p. 378); the triozonide, CgH^O« 
(Chap. XLV, F.), and an additive compound with ethyl 
diazoacetate. 

Two arguments which have been brought forward against 
this formula are — 

*This formula was suj^ested by Loachmidt four years before it was 
enunciated by Kekul6 (cf. B. 1912, 45, 539). 
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(a) Two ortho-disubstituted derivatives should be possible, 
namely, those represented by the formulae; 

X X 



In formula (I) the 2 carbon atoms to which the substituents 
are attached are united by a double bond, and in formula (II) 
by a single bond. KekuU has suggested that the single and 
double bonds may be continually changing, so that positions 
2 and 6 are really symmetrical with respect to 1. 

(b) The stability of benzene towards oxidizing agents has 
been used as an argument against such a formula containing 
three double bonds in the molecule. Di- and tetrahydro- 
benzenes — obtained by the reduction of benzene — which con- 
tain respectively two and one double bonds in their molecules, 
are readily oxidized, and also readily yield additive compounds 
with halogens. They also give quite different ultra-violet 
absorption spectra. Evidence based on other physical con- 
stants, such as molecular refraction, molecular volumes, 
molecular magnetic rotations, and heats of combustion, is 
inconclusive and conflicting. It has been suggested that 
the peculiar symmetrical structure of the benzene molecule 
may account for its stability, but the fact that cyclo-octa- 
tetrene, CgHg (Chap. LVI), which contains 8 CH groups 
united alternately with double and single linkings, has the 
properties of an olefine and not of an aromatic compound, is a 
strong argument against the KekuU formula. {JVillstdtter, 
B. 1911, ft, 3423; 1913, 46, 617.) 

(II) A second method of accounting for the fourth valency 
of each carbon atom is that first suggested by Armstrong, and 
afterwards developed by Baeyer, centric formula (IIa). 

It represents the fourth valency of each carbon atom as 
directed towards the centre of the molecule, where the 6 are 
kept in equilibrium, a method of linking which is unknown in 
the fatty series. When reduced to dihydro-benzene, four of 
the six centric bonds form two double bonds. 


(IlA) 



' 
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This readily accounts for the great difference between the 
chemical properties of benzene and of its reduction products. 

Various other formulas have been suggested for benzene, 
e.g. Ladenburg's prism formula, Claus's diagonal formula, and 
Dewar's formula. For Thiele's formula, see Chap. L, C. 


<V)0 

Dewar 


A strong objection to the prism formula and to any other 
three-dimension space formula is that the molecules of certain 
substituted derivatives would be perfectly asymmetric, and 
should therefore exist in optically active modifications. No 
benzene derivative which occurs naturally is optically active, 
and attempts to resolve substituted benzene derivatives, e.g, 
CeH( 0 H)(C 02 HXCH,)(C 8 H 7 )(N 0 A, nitrothymotic acid, have 
been unsuccessful. Itugheimer (B. 1896, 29, 1967) states, 
however, that he has obtained m-methyl-p-hydroxy-benzoic 
acid in an optically active form. 

Other objections to the prism formula are (a) the difficulty 
of accounting for the reduction products of benzene, and (o) 
the fact that when benzene is oxidized by various methods no 
compound is met with which contains a carbon atom attached 
to 3 other carbon atoms, as is the case in the prism formula. 

As the result of a number of researches Baeyer came to the 
conclusion that a ring-structure characteristic of benzene itself 
need not be valid for all its derivatives; some may have 
olefinic, others centric structures. 

For full discussion on the benzene ring problem, cf. 
Kauffmanriy Ahrens Sammlung, 1907, 12, 79; Pauly y J. pr. 
1918, 88, 106; and for an explanation based on continuous 
oscillation of atoms within the molecule, cf. Von JVenbergy 
B. 1919, 52 B., 928. Formulse based on the theory of 
electrons have been put forward by Fryy J. A. C. S. 1912, 34, 
664; 1914, 36, 248, 262. 1036; 1916, 37, 866, 2368; 1916, 
38, 1323; 1917, 39, 1688; J. J. Thommiy Phil. Mag. 1914, 
27, 784. 
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METHODS FOR DETERMINING WHICH OF THREE ISO- 
MERIC COMPOUNDS IS THE ORTHO. WHICH META, 
AND WHICH PARA. 

1. A method worked out by Korner (1876) for the three 
dibromobenzenes. One of these (a) is a solid melting at 89°; 
a second (b) is a liquid which boils at 224°, and when solidified 
melts at —1°; and the third (e) is a liquid boiling at 219° and 
melting at +1°. When further brominated, the compound a 
yields only one tribromobenzene; compound J, under similar 
conditions, yields a mixture of two isomeric tribromobenzenes ; 
and compound c a mixture of three. 


Br Br Br 



Br Br Br Br Br Br 



From a glance at the above formulae, it is obvious (1) that 
the para- or 1: 4-compound could give rise to only one tri- 
bromobenzene, (2) that the ortho- or 1: 2-compound could give 
a mixture of two isomeric tribromobenzenes, and (3) that the 
meta- or 1 : 3-compound could give a mixture of three isomeric 
tribromobenzenes. 

The compound melting at 89° is therefore ^ibromobenzene, 
the one boiling at 224° is the ortho-, and the one boiling at 
219° and melting at +1° is the meta-compound. 

Incidentally, this gives us a method for determining which 
of the three tribromobenzenes is the adj., which the sym., and 
which the unsym. A glance at the formulae indicates that the 
sym.-tribromobenzene is the one which is formed from the 
f^ibromobenzene only. The adj. is the one formed from 
both ortho- and meta-, and the unsym. is the one which is 
formed from ortho-, meta-, and para-dibromobenzenes. 

Similar results are obtained by examining the nitro-dibromo- 
benzenes obtained by nitrating the dibromobenzenes. 

The p-compound yields only one nitro-derivative; the o-com- 
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ponnd yields two nitro-derivatives; the 7n-compound yields 
three nitro-derivatives: 

Br Br Br 



Br Br Br Br Br Br 



but the nitro-dibromobenzenes thus formed are all different. 

Similar methods may bo adopted for determining the 
constitutions of the three diamino-benzenes, O^H4(NH2)2, by 
determining from how many of the six diamino-benzoic acids 
each of the three can be obtained by elimination of carbon 
dioxide. 

The m-compound is the one which is formed from three 
distinct acids, the ortho- from two, and the para- from one 
only {Griess). 

The relationships between the three xylenes, C0H4(CHg)2, 
and the six nitro- xylenes are exactly analogous to those 
between the three dibromobenzenes and their six nitro-deri- 
vatives. 

2. When the constitution of several groups of compounds, 
e.g. the dibromobenzenes, the xylenes, and the diamino-ben- 
zenes have been settled, then the constitutions of other com- 
pounds can be determined by conversion into one of the 
compounds of known constitution, e,g, the dinitro-benzene 
which yields 7n-diamino-benzene on reduction is the m-dinitro- 
compound, or the acid obtained by the oxidation of (?-xylene 
must be the o-dicarboxylic aci9. 



'This constitution is confirmed by the fact that this acid 
is the only one of the three isomeric benzene-dicarboxylic 
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axsids which yields an inner anhydride, phthalic anhydride, 

0(jH4<^q^ 0, and hence the two COjH groups are probably 

attached to two adjacent carbon atoms. 

3. The constitution of certain di-substituted derivatives is 
based on Ladenburg's proof (A. 179, 174) of the equivalence 
of the three unsubstituted hydrogen atoms in mesitylene, 
CoH 3(CH3)3; in other words, on the fact that mesitylene is 
syuL-trimethyl-benzene, e,g, the constitution of TW-xylene is 
based on the following reactions: — 



Ladenhurg^s proof is briefly as follows : — Mesitylene yields a 
dinitro-derivative, C3H(CH3)3(N02)2, in which two of the three 
nucleus hydrogen atoms {a and h) are replaced by nitro-groups. 
From this we get, by the three processes of reduction, acety 
lation, and nitration, a dinitro-acetamino-mesitylene : 

CeH(CH 3 ) 3 (N 03 )(NH 2 ) — CeH(CH3)3(N02XNHAc) 
a h 

— Ce(CH 3 ) 3 (N 03 ) 2 (NHAc), 

in which the third hydrogen M is replaced by NOjjj on hydro- 
lysis, this yields OyCH3)3(NC^)2(NH2), and on elimination of 
the amino-eroup, 03H(CH3)3(Nt)jj)^, a ciinitro-mesitylene, which 
is identical with the original dinitro-compound started with. 
Hence two of the hydrogen atoms (say b and c) are similarlv 
situated. The nitro-amino-mesitylene, C3H(CH3)3(N02)(NH2;, 

a h 

in which the nitro-group is in position a and the amino- in 
position J, yields C3H2(CH3)gN02, and this, when reduced, 

a 

acety lated, nitrated, and hydrolysed: 

C3H3(CH,)3NH2 — CaH3(CH3)3.NHAc 
a a 

— C3H(CH3)i(NHAc){:TO,) — CeH(CH3)3(NH2XN02), 

a bore bore 

a nitro-amino-mesitylene which is identical with the oridnal 
nitro-amino-mesitylene, and hence the position a is similarly 
situated to either b or c, but in the first part of the argument 
it was shown that 
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Other Types of Isomerism. — 1. In addition to the cases of 
isomerism dealt with in the preceding pages (isomerism due to 
the positions of the substituents in the nucleus), other types of 
isomerides are met with. A frequent example is the isomerism 
of a compound containing a substituent in the nucleus with a 
compound containing the same substituent in the side chain; 
well-known examples are CgH 4 Cl • CHg and • CHgCl, 

and Isomerism of this type is 

usually accompanied by considerable difference in chemical 
properties. 

2. “ Side-chain isomerism ” is the name given when the iso- 
merism is confined to the side chain, e,g . : 

CgHg.CHa.CHj.CHa and CeHg.CH(CHs), 

Normal- and Isopropyl-benzene. 

Stereo-isomerism. — When the side chain contains an asym- 
metric carbon atom, e.g. CgH 5 *CH( 0 H)(C 02 H), mandelic acid, 
stereo-isomerism of the type of the active lactic acids is met 
with. Stereo-isomerism of the type of the crotonic acids is 
met with in unsaturated compounds like cinnamic acid, CgHg* 
CH:CH *00211, and stereo-isomerism analogous to that de- 
scribed in the case of polymethylene derivatives is met with 
among the reduced benzene derivatives, e.g, di-, tetra-, and 
hexahydrophthalic acid (p. 494). 

OCCURRENCE OF THE BENZENE DERIVATIVES 

Many benzene derivatives occur in nature, e,g. oil of bitter 
almonds, benzoic acid, salicylic acid, and hippuric acid, while 
others are obtained from the destructive distillation of organic 
substances, especially of coal. 

The destructive distillation of coal yields (a) gases (illumi- 
nating gas); (6) an aqueous distillate containing ammonia and 
its salts, &c.; (c) coal-tar; and (ci^) coke. 

Coal-tar. — Coal-tar is the chief source of benzene derivatives, 
and is formed in the manufacture of coal-gas for illuminating 
purposes, and in “ coke ovens ” used for the production of 
high-grade coke for metallurgical purposes. In both cases 
coal is distilled from closed retorts at relatively high tem- 
peratures, about 1000° 0!, and the main difference between 
the two processes is the nature of the coal used. For gas- 
making a bituminous coal containing 32-40 per cent of 
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volatile matter is used, and in order to obtain the maximum 
yield of hard coke bituminous coals containing from 18-32 per 
cent of volatile matter are employed. 

The yields of products per ton of coal can be taken as: 


Ga49 

Gasworks. 

10,000-12,000 cu. ft. 

= 17% 

Coke Ovens. 
10-6% 

Animoniacal liquor 

177 lb. 

= 7-9% 

90% 

Tar 

10 gall. 

= 6-0% 

40% 

Coke 

0‘7 ton 

= 70-0% 

71-6% 


The tar from the two processes is much the same. 

At the present time numerous low-grade coals, cannel 
coal, lignite or brown coal, and even bituminous shales, are 
distilled at comparatively low temperatures (500-600° C.) in 
order to obtain oils, and, in the case of cannel coals, smokeless 
fuel for household purposes. The tar produced in all these 
cases is essentially different from the coal-tar obtained from 

f asworks and coke ovens. It consists largely of paraffin 
ydrocarbons, and is valueless for the manufacture of dye- 
stuffs, explosives, &c., but yields valuable illuminating and 
fuel oils. 

When coal-gas was first generally used for illuminating 
purposes (1813) the tar was regarded as a waste product, and 
could only be used as fuel, and its value as the source from 
which important synthetic dyes, perfumes, explosives, medi- 
cinal drugs, and photographic developers could be manu- 
factured was only gradually recognized. For many yeais 
after the introduction of coke ovens for the manufacture of 
metallurgical coke, the ammonia and tar formed at the same 
time were not collected (so-called bee-hive ovens), but at the 
present time the great majority of the ovens are of the closed 
type, and are provided with by-product recovery plant. Still 
more recently, as the demand for benzene and toluene has 
increased, it has become customary to recover the benzene 
and toluene contained in the gas from the coke ovens, and 
even from the gas from gasworks, although this removal 
Mpreciably diminishes the illuminating power of the gas. 
The benzene hydrocarbons are usually removed by passing the 
gas through scrubbers containing creosote oil, which absorbs 
the hydrocarbons, and these can be afterwards isolated by 
heating the creosote oil or subjecting it to steam distillation. 
The amount of benzene and toluene in coal-gas is, roughly, 
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about 15 times as much as that contained in the tar formed at 
the same time. In coke-oven gases the amount is only about 
half this. By this method of extracting benzene and toluene 
from the gases the amounts of these materials for the manu- 
facture of explosives, &c., has been increased enormously. 

The following figures will give some idea of the importance 
of the coal-tar industry : — 

In 1914, in Great Britain, about 14*5 million tons of coal 
were coked in by-product coking plants, and about 20 million 
tons distilled in gasworks. In the U.S.A. about 20 million 
tons were treated in recovery coke ovens, and about 20 
million tons in gasworks. 

In the U.S.A. the output of crude benzol was about 
4*5 million gallons in 1914, and this was increased to 
40 million gallons in 1917. 

Coal-tar contains as many as 200 different chemical sub' 
stances; these are not present in the coal itself, but are 
formed during the distillation. During the past twenty years 
investigators have attempted to isolate compounds from coal 
itself by extraction with solvents, such as chloroform {Keinsch, 
1910), pyridine (Bedson, 1908), benzene (Pictet and Eam^ 1911), 
but so far few relationships have been established between the 
different materials present in coal and the chemical compounds 
present in tar (cf. Tideswell and fFheeler, J. C. S. 1919, 116, 
619). 

The most important compounds present in coal-tar are 
benzene, toluene, xylenes, phenol, cresols, naphthalene, and 
anthracene. Among the other compounds present are 
homologues of benzene, especially the methyl homologues; 
complex hydrocarbons, such as diphenyl, phenanthrene, 
fluorene, acenaphthene, chrysene and retene, indene and 
its homologues, and homologues of naphthalene; thiophene, 
benzointrile, aniline, pyridine and its homologues; quinoline, 
isoquinoline, pyrrole, indole, carbazole, and acridine. Most 
of these are of little commercial importance, as the amounts 
present are small and their isolation from the tar is difficult. 

Many of the hydrocarbons present in the tar are probably 
formed by the pyrogenic polymerization of acetylene, as this 
hydrocarbon when heated yields many of the proaucts present 
in coal-tar (B. Meyer and H. Frieke, B. 1914, 47, 2765). 

The crude tar contains appreciable amounts of water, and 
has to be dehydrated before it can be distilled. Numerous 
methods are adopted, e,g. centrifuging the warm tar; heating 
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the tar, allowing the water to rise to the surface, and removing 
it by a draw-off cock; or allowing the wet tar to come in 
contact with the hot vapour from another lot of boiling 
dehydrated tar. 

The actual distillation is carried out in iron stills directly 
fire-heated. In many tar distilleries continuous stills are 
employed; in others intermittent distillation is used, the 
pitch being removed and a fresh charge of tar introduced 
from time to time. 

The fractions collected vary in different distilleries, but, as 
a rule, in the first distillation the following are collected: — 
(1) First runnings up to 105° or 110°; this contains water, 
ammonia, and some light oil. (2) Light oils up to 210°. (3) 

Middle oil or carbolic oil up to 240°. (4) Creosote oil up to 

270°. (5) Anthracene oil above 270°* (6) Eesidue in the 

still = pitch. 

The relative amounts of the different fractions vary con- 
siderably in different countries and different districts, but the 
following are fairly typical values for 1 ton of tar: — Light 
oils, 12 gall.; carbolic oil, 20 gall.; creosote oil, 17 gall.; 
anthracene oil, 38 gall. ; and pitch, 1 1 cwt. Calculated on 
1 ton of tar, the yields of important products are: — Benzene 
and toluene, 25 lb., or 1*1 per cent; phenol, 11 lb., or 0*5 
per cent; cresols, 50 lb., or 2*2 per cent; naphthalene, 180 lb., 
or 8 per cent; creosote, 200 lb., or 8*8 per cent; and anthra- 
cene, 6 lb., or 0 27 per cent. 

The light oils, including those from the first runnings, give 
rise to 60-66 per cent of benzene hydrocarbons, 12-16 per 
cent of naphthalene, 8-10 per cent of phenols, and 1-3 per 
cent of pyridine bases. The phenols are readily removed by 
treatment with caustic soda solution, and the pyridine bases 
by treatment with dilute mineral acids. The neutral sub- 
stances, on further fractionation under varying conditions, 
yield 90 per cent benzol, 50 per cent benzol, 30 per cent 
benzol, and solvent naphtha. The numbers 90, 50, and 30 
denote the percentage of the* oil which passes over below 
100° C., and not the actual benzene content of the oil. 90 per 
cent benzol contains 81 per cent of benzene, 16 per cent of 
toluene, 2 per cent of xylenes, and 2 per cent vjf impurities; 
and 30 per cent benzol contains respectively 13-5, 73*4, 11*7, 
and 11*7 per cent. From these crude benzols, by careful 
fractionation, pure benzene, toluene, and xylenes can be 
isolated. 
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In addition to the compounds, such as benzene, toluene, 
naphthalene, phenol, and anthrace, which are actually isolated 
and form import articles of commerce, a number of 
products consisting of complex mixtures are also manufac- 
tured. The most important of these are (1) solvent naphtha, 
which is used as a solvent for rubber in preparing waterproof 
fabrics and also for burning purposes, and (2) creosote oil, 
which is used in enormous quantities for pickling timber for 
use as railway sleepers, posts, and other purposes. 

The presence of the hexahydro-compounds of benzene and 
its homologues has been proved in most natural petroleums, 
especially in those from the Caucasus (J. pr. Ch. (2) 46, 661 ; 
cf. p. 41). 


FORMATION OF BENZENE DERIVATIVES FROM 
OPEN CHAIN COMPOUNDS 


The benzene derivatives can be produced from the fatty 
compounds by a relatively small number of reactions only. 

1. Many methane derivatives, e.g. alcohol, yield a mixture 
containing a large number of the derivatives of benzene when 
their vapours are led through red-hot tubes. Acetylene, CgHg, 
polymerizes at a low red heat to benzene, C^Hg (Berthelot ) ; 


CH 

HC CH 


HC 


CH 


H 


CH 

HC CH 


HC CH 


In an analogous manner allylene, CHg-C-CH, yields mesity- 
lene or 1:3:5 trimethyl-benzene, CgH 3 (CH 3 ) 3 , when distillra 
with dilute sulphuric acid, while crotonylene, CHg-CjC-CHg, 
yields hexamethy 1-benzene, Cg(CH 3 )g; bromo-acetylene and 
iodo-acetylene polymerize to 5-tribromo- and tri-iodo-benzene 
when exposed to light; propiolic acid, CHjC-COgH, poly- 
merizes to trimesic acid, CgH 8 (C 02 H) 3 . 

2. Natuml gas, consisting largely of ethane and propane, 
when subjeoted to the process of “cracking” (p. 42), especially 
in the presence of metals, at various temperatures gives rise to 
aromatic hydrocarbons, hnd it has been suggested that these 
are the result of the following series of changes: ethane — 
ethylene — ^ butadiene — ^ benzene (J, L E, C, 1918, 10, 901), 
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3. Ketones condense to benzene hydrocarbons when dis- 
tilled with dilute sulphuric acid, e,g, acetone yields mesitylene 
{Kane^ 1838) and methylethyl ketone, triethyl-benzene; 

CHj CHa 

. • 



Hydroxy-methylene-acetone (p. 232) readily undergoes con- 
densation, yielding triacetyl-benzene. 

4. Certain 1 : 2-diketones, aldehyde acids, and keto-aldehydes 
are transformed in an analogous manner into benzene deri- 
vatives by suitable “condensing’’ agents; diacetyl, CHg* 
CO-CO^CHg, is transformed by alkalis into xylo-quinone, 
CgH202(CH3)2 (B. 21, 1411), and ethyl jS-hydroxyacrylate into 
the ethyl ester of trimesic acid (B. 20, 2930). 

5. Certain 1:5 diketones react with hydrochloric acid, yield- 
ing reduced benzene derivatives, which can readily be trans- 
formed into benzene derivatives, e.g. ethylidene-diacetoacetic 
ester (from acetaldehyde and acetoacetic ester) yields dimethyl- 

cyclo - hexenone, CH^Q^~Qg2^CHMe, the dibromide of 

which is converted into sym.-xylenol, S^^CMe 

(Knoevemgel). 

6. By the hydrolysis of the product from methylene iodide 
and ethyl sodio-pentane tetracarboxylate, hexahydro-isophthalic 
acid is formed {JV. H. Perkin, J. C. S. 1891, 69, 798); 


/\ 

HoC 0(C0aEt)2 

J +cn,i, 

HjC Na 

Sodium compound of ethyl 
pentane-tetraoarboxylate 


CHj 

bJ: dai, 

^•00^ 

Hexahydro-ie^hthallo 


7. By the action of sodium upon ethyl succinate {Herrmann, 
A. 211, 306; B. 16, 1411), or upon ethyl bromo-acetoacetate 
(Duisb^g), ethyl succinylo-succiaate, “ethyl cyclo-hexan-2;6- 
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dione-1 : 4-diacid ”, is obtained, and is readily transformed into 
ethyl dihydroxy -terephthalate and then into quinol: 


COoEt-HCiH 


COoEt 


CO 


H;CH.OO,Et 


COiOEt 

2 mols. Ethyl succinate 


HnC CH.COnEt 


Ethyl BUccinylo-suGcinate. 


8. When ethyl sodio-malonate, CHNa(C02Et)2, is heated, 
ethyl phloroglucinol-dicarboxylate is formed, and this on hy- 
drolysis yields phloroglucinol, which is also formed from 
malonyl chloride and acetone in the presence of calcium 
carbonate. 

9. Hexyl iodide, is converted into hcxachloro-ben- 

zene, 0^01^^, when heated with ICI3, and into hexabromo-ben- 
zene, C^Br^, by bromine at 260°; the latter compound can also 
be obtained by heating CBr. to 300°. 

10. Mellitic acid, C5(C02H)6, is produced by the oxidation 
of graphite or lignite by means of KMn 04 . 

11. Potassium oarboxide, which is formed by the action of 
carbon monoxide upon potassium, is the potassium compound 
of hexahydroxy-benzene, C^(OH)g. 

12. For the conversion of hydroaromatic compounds into 
benzene derivatives, see Crossley and others, J. C. S. 1903, 
83 , 110; 1904, 86 , 264; 1906, 89 , 875; 1914, 106 , 165. 


THE CONVERSE TRANSFORMATION OF BENZENE DERI- 
VATIVES INTO FATTY COMPOUNDS 

1. When the vapour of benzene is passed through a red-hot 
tube it is partially decomposed into acetylene. 

2. Benzene is oxidized by chloric acid to trichloro-pheiio- 
malic acid”, i.e. /J-trichloraceto-acrylic acid, CClg-CO-CH: 
CH-C02H {KekuU and Strecker, A. 223, 170). 

When chlorine is allowed ^to act upon phenol in alkaline 
solution, the benzene ring is broken, and the acids, CgHgCLO., 
CgH 5 Cl 04 , &c., are produced {Hantzschy B. 20 , 2780). Catechol, 
resorcinol, and phloroglucinol are also ultimately converted 
into fatty compounds by treatment with chlorine and the sub- 
sequent action of alkalis* e.g. resorcinol (m-dihydroxy-benzene) 
yields dichloro-maleic acid (B. 1 894, 27 , 3364). Bromine, acting 
upon bromanilic acid, yields perbromo-acetone, CBrg-CO'CBrg. 
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3. Nitrous acid and catechol yield dihydroxy-tartaric acid 
(p. 269), and phenol and potassium permanganate yield tar- 
taric and oxalic acids. 

4. Oxidizing agents which are capable of rupturing the 
benzene ring yield, as a rule, carbonic, formic, and acetic acids. 

5. The hexahydro- benzenes are transformed with difficulty 
into hydrocarbons of the methane series when heated with 
hydriodic acid at 280® {Berihelot^ A. 278, 88 ; 302, 5). 

6. When reduced with metallic sodium and amyl alcohol, 
o-hydroxy-benzoic acid is converted into pimelic acid: 



XVIIL BENZENE HYDROCAEBONS 

A. Homologues of Benzene, 

The benzene hydrocarbons are for the most part colourless 
liquids, insoluble in water, but readily soluble in alcohol and 
ether (durene and penta- and hexamethyl-benzenes are crys- 
talline). They distil without decomposition, possess a peculiar 
and sometimes pleasant ethereal odour, and bum with a very 
smoky flame. Many, especially benzene and its methyl deriva- 
tives, occur in the lower fractions from coal-tar; others are 
prepared synthetically by Fitti^s or FriedeUCrafts* methods. 

jSfodes of Formation. — 1. FUtifs Synthesis . — By treating a 
mixture of a brominated benzene hydrocarbon and an alkyl 
iodide or bromide with sodium in the presence 6f dry ether 
(A. 181, 303): 

-f CH,I -f2Na = CaHj.CH, +NaI + NaBr; 
+ -f 2Na = CeH 4 ((^ 4 ), + Nal + NaBr. 


C-H^Br 
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Specific 

Gravity. 
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Ethylbenzene 
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Mesitylene 
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n-Propylbenzene 

Cumene 
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Metacymene 
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Jannasch synthesised ^xylene, durene, and isodureiie by this 
method. 

2. Friedel and Crafts' Synthesis (1877). — By the action of 
alkyl chlorides (bromides or iodides) on aromatic hydro- 
carbons in the presence of anhydrous aluminic chloride, 
(AICI3): 

CeHe-fCHoCl = CeH,.CH. +B.Ci; 

CflHfl + 2CH3CI = C3H4(CH^ + 2 Ha, &C. 

This reaction is, like the preceding one, capable of very 
wide application; by means of it all the hydrogen atoms in 
benzene can be gradually replaced by methp. The best 
yields are often obtained by the addition of carbon bisulphide, 
which serves as a diluent, and also prevents the temperature 
rising to any appreciable extent, and thus largely avoids the 
decomposing or differentiating action of the chloride on the 
homologucs first formed. At higher temperatures, for ex- 
ample, CgHg-CHg would he transformed to a large extent 
into CgHg and CeH4(CH8)2 (B. 1894, 27, 1606, 3235). 

Zinc, antimony, and ferric chlorides (Nenckij B. 1899, 32, 
2414; Menschutkin, Abs. 1914, i, 188, 673) act in the same 
way as chloride of aluminium, while ethyl chloride and other 
halide compounds, such as chloroform and acid chlorides, may 
replace methyl chloride. (See respectively triphenyl-methane 
and the ketones; cf. also B. 14, 2624; 16, 1744; Ann. de chim. 
et phys. [6] 1, 419; B. 30, 1766.) The metallic chloride forms 
additive compounds with the acyl chloride or alkyl derivative, 
e,g. CHg'COCl, AICI3, and also with the condensation product, 
e,g. CgH^-CO-CHg, AICI3 {Perrier, B. 1900, 33, 815). The 
reaction is a unimolecular one, except when an excess of AlCIg 
is used. 

For further discussion, see Chap. XLIX, E. 

Alcohols also, like the alkyl halides, are capable of reacting 
in an analogous manner in presence of ZnClg : 

CeHe + C4HgOH = -f HgO. 

3. A method of formation somewhat analogous to the Fittig 
synthesis is the action of alkyl iodides or methyl sulphate on 
organo-magnesium halides {Grignard's compound^) in toluene 
somtion {Hovhen, B. 1903, 36, 3083;, 1904, 37, 488; Werner, 
iUd., 2116, 3618): 

CHg.CgH^.MgBr-kCgHgBr = CHg.CeH^.CgH, + MgBr^. 
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4. The benzene hydrocarbons are formed when their carb- 
oxylic acids are distilled with soda-lime: 


CeH^-COaH = CeHe + CO,; 
CH3.CflH4.COjH = CflHfl.CHj + COj. 


5. From sulphonic acids (p. 427) by the elimination of the 
SO3H group: 

CflH 3 (CH 3 ) 2 S 03 H + Hj0 = CflH4(CH3)j + H 3 S 04 . 


This reaction can be effected by dry distillation, bjr heating 
with concentrated hydrochloric acid to 180®, by distillation of 
the ammonium salt {Ca/ro\ or by treatment with superheated 
steam, e.g,^ in presence of concentrated sulphuric acid (Arm- 
strong^ JV, Kelbe); also by heating with concentrated phosphoric 
acid (B. 22, Eef. 577). 

6. From the amino-compounds by transforming these into 
diazonium-compounds (p. 411), and boiling the latter with ab- 
solute alcohol or with an alkali stannite solution (B. 22, 587). 
Griess reaction. 

7. By distillation of the phenols (or ketones) with zinc dust. 

Isomers and Constitution . — The table given on p. 368 shows 

that the benzene hydrocarbons, from CgHi^ on, exist in many 
isomeric modifications; thus, isomeric with the three xylenes 
we have ethyl-benzene, with the three trimethyl-benzenes 
the three methylethyl-benzenes and the two propyl-benzenes, 
with durene, isodurene, cymene, &c. 

The constitution of these hydrocarbons follows very simply 
from their modes of formation. A hydrocarbon for 

instance, which is obtained from benzene and methyl chloride 
by the Friedel-Crafts^ reaction, can only be a tetramethyl-ben- 
zene; another of the same molecular formula C|pH 24 , which has 
been prepared from bromo-benzene, butyl bromide and sodium, 
must be a butvl-benzene ; while a third, from ^bromo-toluene, 
normal propyl iodide and sodium, must be a p-propyl-toluene 
(p-methyl-^propyl-benzene), &c. The synthesis therefore de- 
termines the constitution. » 

The groups CHg, CjHg, &c., which replace hydrogen in 
benzene, are termed ‘^side chains’’. 

When oxidized, the hydrocarbons yield a benzene-mono-, 
di-, or tri-, &c., carboxylic acid, e.g. benzoic acid, C-Hg-COoH, 
0 -, m-, jp-phthalic acid, CflH 4 (CO^) 2 , according to the numoer 
of side chains present in the hydrocarbon; and a further proof 
of the constitution of the compound is thus afforded. 
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If, for example, a l^drocarbon C^H^o yields a benzene-tri- 
carboxylic acid, CgH3(C02H)3, upon oxidation, it must contain 
three side chains, i.e. must be a trimethyl-benzene; should a 
phthalic acid, on the other hand, result, then it can only be 
an ethyl-toluene. Since cymene yields p- (or tere-) phthalic 
acid, C^H4(C02H)2, on oxidation, its two side chains must be 
in ^-positions to one another. 

The respective isomers resemble each other closely in 
physical properties, their boiling-points, for example, lying 
very near together. The ortho-derivatives often boil at about 
5 *^, and the meta- at about 1 ° higher than the para-compounds; 
the boiling-point rises with an increasing number of methyl 
groups. (Cf. B. 19 , 2613 .) 

Behaviawr. — 1 . The benzene hydrocarbons are, as a rule, 
readily nitrated and sulphonated, mono-, di-, and even tri- 
derivatives being all usually capable of preparation, according 
to the conditions. As a rule, it is only the hydrogen atoms 
of the benzene nucleus which are replaced, the side chains 
reacting as paraffin residues. Hexamethyl-benzene can thus 
neither be nitrated nor sulphonated. Exceptions to this 
generalization are met with, e.y. mesitylene yields a nitro- 
derivative, C3H3(CH8)2 • CH2 • NOg, cf. also Phenylnitro-methane, 
Chap. XX. 

2 . Oxidation , — Benzene itself is not readily oxidized; per- 
manganate of potash converts it slowly into formic and oxalic 
acids, some benzoic acid and phthalic acid being produced at 
the same time. These doubtless result from some previously 
formed diphenyl. 

The homologues of benzene, on the other hand, are readily 
oxidized to carboxylic acids, the benzene nucleus remaining 
unaltered, and each side chain — no matter how many carbon 
atoms it may contain — ^yielding, as a rule, a carboxyl group. 

Nitric acid allows of a successive and often a partial oxi- 
dation of individual side chains, chromic acid mixture 
-f H2SO4) acts more energetically, converting all the siae chains 
in the p- and wi-compounds into carboxyl, and completely 
destroying the (^-compounds. The latter may be oxidized to 
the corresponding carboxylic acids by KMn04. 

When a hydrocarbon is selectively oxidized, tho longest side 
chain, as a rule, is most readily oxidized; thus CoIL-OaH.* 
CH3 yields first CO2H.CeH4.CH3, and then CeH4(CO^}2* 

3 . Reduction , — The benzene hydrocarbons and most of their 
derivatives are capable of taking up six atoms of hydrogen. 
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Benzene itself is only converted into hexahydro-benzene, 
with difficulty, but toluene, xylene, and mesitylene combine 
with hydrogen more easily when they are heated with phos- 
phonium iodide, at a rather high temperature, the com- 
pounds CyHg.Hg, and being formed. The 

two former can then be made to take up more hydrogen by 
energetic reaction. 

An interesting method of formation of V action 

of freshly reduced nickel on a mixture of hydrogen and ben- 
zene or its homologues at moderate temperatures. 

Hexahydro-benzene and its analogues, are colourless 

liquids insoluble in water, and of somewhat lower boiling-point 
than their mother compounds, into which they can be readily 
retransformed by oxidation, either by heating with sulphur or 
by means of fuming nitric acid, nitration also taking place in 
the latter case; e,g. hexahydro-benzene yields nitro-^rivatives 
of benzene. They are found in petroleum, especially in that 
from the Caucasus (Beilstein^ Kv/rhatow\ and differ from the 
isomeric olefines by being insoluble in sulphuric acid, and by 
not forming additive products with bromine (cf. B. 20 , 1850; 
A. 234 , 89; 301 , 164). 

They are identical with hexamethylene and its derivatives, 
and react as saturated compounds. The partially reduced 
benzene derivatives, on the other hand, behave more like 
olefines. 

The dihydro-benzenes, C-Hg, readily combine with two or 
four atoms of bromine, ana are readily oxidized by alkaline 
permanganate, as might be inferred from the presence of 
double bonds in the molecule. Two isomeric compounds, 
^ 1 : 3-dihydro-benzene and A 1: 4-dihydro-benzene, are Imown: 



C yclohexa-l : 8-diene 



Cyclohexa-l:4-diene 


» 

Tetrahydro-benzene, 


H 



Crclohezene 


which exists in one form 
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only, is readily oxidized, combines with two atoms of chlorine 
and biomine or with a molecule of hypochlorous acid. All are 
colourless, volatile liquids. 

4. Behaviour with Halogens, — Chlorine and bromine react 
differently, according to the conditions. In direct sunlight 
they yield with benzene the additive products CgH^Clg and 
CgHgBrg, while in diffused daylight, especially in presence of a 
little iodine, SbClg or MoClg, they ^ve rise to the substitution 
products CgHgCl, CgH^Br, &c. (J^r further details, and for 
substitution by iodine, see pp. 60 and 380.) 

5. Chromium oxychloride, CrOgClg, converts the methylated 
benzene hydrocarbons into aromatic aldehydes (p. 448; cf. B. 
23, 1070). (Etard's reaction.) 

6. The numerous “ condensations ” which benzene, &c., can 
undergo with oxygenated compounds in presence of ZnClg, 
P^Oip, or H2SO4, and with chlorinated compounds in presence 
of AICI3, are of great interest; thus benzene yields diphenyl- 
ethane with aldehyde and sulphuric acid, and benzophenone 
with benzoic acid and phosphorus pentoxide. 

7. In presence of aluminic chloride, oxygen can be intro- 
duced into benzene, yielding phenol; sulphur, yielding phenyl 
sulphide; ethylene, yielding ethyl-benzene; carbon dioxide, 
yielding benzoic acid. 

Benzene, CgHg, was discovered by Faraday in 1825, and 
detected in coal-tar by Hofmann in 1845. It is obtained from 
the portion of coal-tar which boils at 80®-85° by fractionating 
or freezing. It may be prepared chemically pure by distilling 
a mixture of benzoic acid and lime. The ordinary benzene of 
commerce usually contains thiophene, and thus gives a char- 
acteristic deep-blue coloration when shaken with a solution of 
isatin in concentrated sulphuric acid; but it may be freed 
from the impurity by repeated shaking with small quantities of 
sulphuric acid, which converts the thiophene into a sulphonic 
acid. It burns with a luminous smoky flame, and is a good 
solvent for resins, fats, iodine, sulphur, phosphorus, &c. When 
its vapour is led through a red-het tube, diphenyl is obtained. 

C7H3. — Toluene, CgH^ • CHg. Discovered in 1837. Formation : 
by the dry distillation of balsam of Tolu and of many resins. 
Synthesis according to Fittig (see above). Prepa'^'ation: from 
coal-tar, in which it is found accon^nied by thio-tolene. 
Toluene is very similar to benzene. 'It boils at 110°, and is 
still liquid at — 28°. CrOgClg converts it into benzaldehyde, 
and HNOg or GrOg into benzoic acid. 
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0 -, m-, and jp-Dimethyl-benzenes or Xylenes, 
C^lC(CrJg)2. — The xyleno of coal-tar consists of a mixture of 
the three isomers, m-xylene being present to the extent of 70 
to 85 pel cent. These cannot be separated from one another 
by fractional distillation. m-Xylene is more slowly oxidized 
by dilute nitric acid than its isomers, and can thus be obtained 
with relative ease. 

For the separation of these isomei’s by means of H2SO4 see 
B. 10, 1010; 14, 2625; 17, 444; 25, lief. 315; and for their 
recognition see B. 19, 2513. Benzene and toluene yield chiefly 
ortho-, together with a little para-xylene, when subjected to 
the Friedd-Orafts synthesis (B. 14, 2627). 

1. 0- Xylene, which can be prepared synthetically from 
o-bromo-toluene, methyl iodide, and sodium, is oxidized to 
carbonic acid by chromic acid mixture, and to <?-toluic acid, 
CgH4(CHg)C02H, by dilute nitric acid; it is difficult to 
nitrate. 

2. /nrXylene or iso-xylene can also be prepared from mesity- 
lene, 0^113(0113)^ [1:3:5], by oxidation to mesitylenic acid, 
03H8( 0133)^0026, and subsequent distillation with lime. 
Dilute nitric acid only oxidizes it at a temperature of 120°, 
while chromic acid mixture converts it into isophthalic acid, 
03H4(002H)2. It yields tetra- and hexahydro- derivatives, 
0311.4 and OgHjg; the latter is present in Oaucasian petroleum, 
and boils at 119°. 

3. p-Xylene is prepared from p-bromo-toluene, or better, 
p-dibromo-benzene, methyl iodide, and sodium (B. 10, 1356; 
B. 17, 444). M.-pt. 13°. Dilute nitric acid oxidizes it to 
p-toluic acid, 03H4( OH- )0O2H, and terephthalic acid, 
0,H^(002H)2. 

Dihydro-p-xylene can be prepared from ethyl succinylo-suc- 
cinate. Liquid ; b.-pt. 133°. It has an odour of turpentine, and 
is closely related to the terpenes. (Of. Baeyei\ B. 25, 2122.) 

{b) Ethyl-benzene, OgHg-OgHg, is obtained from O^H^Br 
ana O^gBr by the Fitiig reaction; from cinnamene, 
OH:OH^on r^uction with HI; and from O3H3 and CgllijOl 
by the Friedel-Crafts reaction. It is found in small quantity 
in the xylene from tar, and when oxidized yields benzoic aeja. 

OgH.g. — (fi) Trimethyl-benzenes. — 1. Mesitylene, l:3:5-fn- 
methyUoenzene^ 03H3( 063)3. — This is contained in coal-tar 
along with the two othfer isomeric trimethyl-benzenes (“tar- 
cumene”), and can be synthesised from acetone or allylene. 
It is a liquid of agreeable odour. Nitric acid oxidizes the 
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side chains one by one, while chromic acid mixture decom- 
poses it completely. (For constitution, see p. 360.) 

2. Psendo-oomene, \:2-A4riinethylrhenzene, is separated from 
mesitylene, not by fractional distillation, but by taking ad- 
vanta^ of the sparing solubility of pseudo-cumene-sulphonic 
acid (B. 9, 268). Its constitution follows from its formation 
from bromo-j9-xylene [1:4:2], and also from bromo-m-xylene 
[1:3:4], by the Fittig reaction. Nitric acid oxidizes the side 
chains successively. 

3. Hemellithene, l:2:Z’irimethylrbenzene (see B. 16, 1853), is 
present in coal-tar (B. 20, 903). 

(J) Propyl-benzenes. — 1. w-Propyl-benzene, CgHj-CHj* 
CIlg-CHg, is obtained from bromo-benzene and normal propyl 
iodide hy the Fittig reaction, and also from benzyl chloride, 
O^H^-CHgCl, and zinc ethyl. 

2. Isopropyl-benzene or Cumene, CpH5-CH(CIL)j« is pro- 
duced by the distillation of cumic acid, CgH4(C8H^(CO^), 
with lime; from benzene and iso- or normal propyl iodide by 
means of AlClj, in the latter case with molecular rearrar^e- 
ment (p. .i58); and from benzylidene chloride, *011012, 
and zinc methyl, this last method furnishing proof oi its con- 
stitution. On oxidation, both n- and iso-compounds yield ben- 
zoic acid. 

&Q IL4. — (a) Durene, 1 : 2 : 4 : 6- or s-tetramethyl-benaene, 
08H2(0li8)4, has been found in coal-tar, and can be prepared 
from toluene and methyl chloride by the FriedeUCrafts reaction, 
or from dibromo-fii-xylene (from coal-tar xylene), methyl iodide, 
and sodium (A. 216, 200). It is a solid, and possesses a camphor- 
like odour. (For its constitution see B. 11, 31.) Both of its 
isomers are known. 

(6) Methyl-propyl-benzenes, 08H4(0Hg)08H^. — The most 
important of these is oymene or isopropyl-p-methyl-benzene. 
It is found in Eoman cummin oil (Cuminum cyminum), in 
eucalj^tus oil, &c., and is formed when camphor is heated 
with P2S^, or better, P4(X8, also when oil of turpentine is 
heated with iodine, &c. It has-been synthetically prepared 
from jvbromo-isopropyl-benzene, methyl iodide, and sodium, 
and also from j^bromo-toluene, 7i-propyl iodide, and sodium, 
the n-propyl- changing here into the isopropyl group. It is a 
liquid of agreeable odour. 

Oymene was formerly regarded as ’rM)maJ-propy!-^>-methyI- 
benzene, but its synthesis from jp-brom-wo-propyl-benzene, 
methyl iodide, and sodium established its constitution as an 
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isopropyl derivative (cf. WidmaUi B. 24, 439). When oxidized, 
it yields either ^-toluic acid, terephthalic acid, cumic acid, or 
p-tolyl-niethyl-ketone, according to the conditions. 

OjgHjg. — Hexamethyl-benzene, Mellitene^ from methyl alco- 
hol, acetone, and AlgO,, at 400°, crystallizes in prisms or plates 
which melt at 164° It can neither be sulphonated nor nitrated. 
KMnO^ oxidizes it to mellitic acid, Cg(C02H)^. 

B. Unsaturated Benzene Hydrocarbons 

The benzene hydrocarbons containing less hydrogen comport 
themselves, on tne one hand, like benzene itself, and on the 
other like the unsaturated hydrocarbons of the fatty series, 
combining readily with hydrogen, halogen, halogen hydride, 
&c. They are derived from the olefines or acet^enes by the 
exchange of H for C^Hg, thus: *011:0112, cinnamene, 

styrene, or phenyl-ethylene; OgHg-OjOH, phenyl-acetylene. 
They are formed by the elimination of OOg from the corre- 
sponding acids, by the elimination of HBr from compounds of 
the type OgHa-OHg-OHgBr, and by the elimination of water 
from certain secondary and tertiary alcohols (0. R. 1901, 132, 
1182). 

Cinnamene, OgIL-OHrOHg, occurs along with other com- 
pounds in storax (Styrax officinalis)^ in the juice of the bark of 
Diquidambar orientaley and in coal-tar (being in this last case 
probably a degradation product of certain acids). It is formed 
when cinnamic acid is slowly distilled or heated with water to 
200° (B. 1890, 23, 3269); CgH5.CH:CH..COaH. 

It is also obtained when benzene vapour and ethylene are 
passed through a red-hot tube, or when o-bromo-ethyl-benzene, 
CgHg-CHo-CHgBr (by action of bromine on ethyl-benzene), is 
heated. It is a liquid, has a characteristic odour, and boils at 
140°. It changes on keeping into the polymeric meta-styrene, 
an amorphous transparent mass, and yields ethyl-benzene when 
heated with hydriodic acid. Addition of HBr converts it into 
a-bromo-ethyl-benzene, • CHj • CH^Br. By the conden- 
sation of styrene with toluene, in presence of concentrated 
sulphuric acid, and on subsequent superheating, anthracene is 
formed (Kramer, Spilker, B. 23, 3169). 

Fhenyl-aoetylene, CgHg-C-CH, produced by the elimination 
of COg from phenyl-propiolic acid, is a fragrant liquid, b.-p. 
142°, and yields white and pale -yellow explosive metallic 
compounds mt>h. solutions of silver and cuprous oxides, It 
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combines with water to aceto-phenone, CgH^-CO-CHg, when 
it is dissolved in sulphuric acid, and the solution is diluted 
with water, or when heated with water to 300®. With 
Origmrd compounds, it yields C«HR*C:C*MgBr, a reagent of 
use in synthesising acetylenic alcohols. 

Styrene derivatives are obtained by the action of Grignard 
reacts on aromatic ketones, e.g. aceto-phenone, AugCHg-Mg-Br, 
give methyl-cinnamene. 
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Cl 


Br 


CeHgCl 


M.-P. 

.. -45° 

Bp 

132“ 

M.-p. 

—31“ 

B.-P 

157° 

M.-p. 

—30“ 

B.-P 

188“ 

CgH^ClaO . 


.. liq. 

179° 

-1° 

224° 

+27° 

286“ 

m . 


.. liq. 

172“ 

liq. 

220° 

+40° 

285“ 

CHs-Cg^ci 


.. +56“ 

173° 

+87° 

219° 

+129“ 

285° 

0 

.. —34® 

159° 

—26° 

181° 

liq. 

211° 

m 

.. -48° 

162° 

—40° 

184° 

liq. 

204° 


P 

.. -f7*4° 

162° 

28° 

185° 

+36“ 

211-5° 

CgHg.CHjCl 

.. -48° 

175° 

... 

198° 

+24“ 

decomposes 

CgCl, 


,. 229° 

326® 

... 

... 

... 

... 


Benzene and its homologues can give rise to (A) additive 
compounds with bromine or chlorine, or (B) substituted deri- 
vatives. 

A. Additive Compounds 

These are of comparatively little importance, and are formed 
when the hydrocarbon is exposed for some time to chlorine or 
bromine vapour in bright sunlight. 

Benzene nexachloride, CgH^Ui^, exists in two stereo-isomeric 
modifications; the one melts at 157®, and the other sublimes at 
310°, When warmed with alkali, they yield trichloro-benzene 
and HOI. The isomerism is probably due to the different 
arrangement of the halogen atoms on either side of the plane 
of the benzene ring in the two compounds. The hexabromide 
{Matthews^ J, C. S. 1901, 79, 43) melts at 212°. 

t. 

B. Substituted Derivatives 

Haloid substitution products in immense number are derived 
from the benzene hydrocarbons by the exchange of hydrogen 
for halogen. They are either colourless mobile liquids or 
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crystalline solids, insoluble in water but readily soluble in 
alcohol and ether, distil unchanged, and are distinguished by 
their peculiar odour and also, in part, by their irritant action 
upon the mucous membrane. They are heavier than water. 

The substitution products of benzene and its homologues 
may be arranged in two distinct groups. In one the halogen 
is bound very firmly, far more so than in methyl chloride, 
ethyl iodide, &c.; it cannot be exchanged for OH (by means 
of AgOH), or for NHg (by NHg), &c., but reacts with sodium 
(see the Fitiig reaction, p. 368); A. 332 , 38; and magnesium 
(see below). All the substituted derivatives of benzene and 
many common derivatives of its homologues belong to this class. 

In the second group, of which benzyl chloride is a good 
type, the halogen atoms enter into reaction as readily as do 
those of the halide substitution products of the methane series. 

When the members of the first group are subjected to oxi- 
dation, a process which converts side chains into carboxylic 
groups, chloro-derivatives of benzoic and other acids are ob- 
tained. The members of the second group, when subjected 
to similar treatment, yield aromatic acids which are free 
from halogen, e,g, benzoic acid, CgHg-COgH, phthalic acid, 
C 0 H 4 (CO 2 H)o. From this it follows that the halogen is 
present in the first case in the benzene nucleus, and in the 
second in the side chain. Chloro-toluene is CgH^Cl-CHg, and 
benzyl chloride CgHg-CHgCl. 

When the halogen atoms replace hydrogen atoms of the 
benzene nucleus, the products are extremely stable, and the 
halogen cannot readily be removed from the molecule. For 
exceptions, cf. B. 1892, 26 , 1496; 1895, 28 , 2312; and picryl 
chloride. On the other hand, when the halogen replaces hy- 
drogen atoms of a side chain (methyl or ethyl groups), the 
compound is extremely reactive, and closely resembles the 
halogen derivatives of the fatty series. In this way it is 
always easy to arrive at the constitution of a compound from 
the behaviour of its halogen tatoms and from its products of 
oxidation. Thus a compound C 7 HgCl 2 , which yields mono- 
chloro-benzoic acid upon oxidation, must be a chloro-benzyl 
chloride, C^ll^Cl • CH 2 CI. 

The majority of aromatic halogen derivatives, independently 
of the position of the halogen in the side chain or nucleus, 
react in dry ethereal solution (or in benzene in presence of a 
little dimethyl-aniline) with dry magnesium powder, yielding 
organo-magnesium compounds, e,g, C^Hg-Mg-Br, phenyl-mag- 
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nesium bromide, • CIL • Mg • Cl, benzyl-magnesium chloride, 

&c. These compounds — (rrignard^s compounds — are chemically 
extremely active, and, like the analogous aliphatic compounds 
(p. 125), can be employed for the syntheses of saturated and 
unsaturated hydrocarbons, primary, secondary, and tertiary 
alcohols, thiophenols, aldehydes, ketones, acids, &c. 

The Giignard compounds may also be used for converting a 
bromo-derivative into the corresponding iodo-compound, e.g.\ 
CeHfiBr -- CeH^.Mg.Br -- CeH,I + MgBrL 
Mg I2 

The boiling-points of the isomeric halogen substitution pro- 
ducts dilfer but little from one another (cf. tw-, chloro- 
benzene and benzyl chloride). 

The influence of the introduction of F, Cl, Br, or I in place 
of hydrogen on the boiling-point of a hydrocarbon is similar 
to that noted in the fatty series. Iodine raises the boiling- 
point to the greatest extent, and fluorine to the least. 

The halogen derivatives may be nitrated, sulphonated, &c., 
in much the same manner as benzene itself. 

Modes of Formation. — 1. By the action of chlorine or bromine 
upon aromatic hydrocarbons there are formed, according to 
the conditions, either additive or substitution products, the 
latter class especially in presence of iodine or some other 
hal^en carrier. The function of the halogen carrier, e.g. I, 
P, Fe, &c., is probably to form an additive compound with 
the halogen, e.g. ICI3, PCI5, FeClg, then to give up part or 
the whole of the halogen in the nascent state to the hydro- 
carbon, and then to be immediately converted back into the 
above compounds again. (Cf. p. 59, also B. 18, 607.) In 
many cases the rate of substitution is directly proportional to 
the concentration of the catalyst {Slator^ J. C. S. 1903, 729). 
Iodine only substitutes directly under the conditions detailed 
at p. 60. From benzene most of the chlorinated derivatives 
up to C3CI3 can be obtained in succession ; the last-named com- 
pound is formed with the aid of RJoClg, ICI3, &c., at a somewhat 
high temperature. A hexabromo-benzene and a hexa-iodo-com- 
pound also exist. In the case of toluene and its homologues 
the halogen enters the benzene nucleus alone if the operation 
is performed in the cold, with the exclusion of direct sunlight 
or with the addition of iodine ; while if the gas is led into the 
boiling hydrocarbon, or if the experiment is conducted in sun- 
light and without addition of iodine, it goes almost exclusively 
into the side chain {Beilsteiny Schramm see also B. 13 , 1216). 
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In the ordinary processes of substitution only half the halogen 
used enters the hydrocarbon molecule, the remainder is used 
up in forming halogen hydride. Working with bromine or 
iodine in the presence of concentrated nitric acid, Datta and 
Chatterjee (J. A. C. S. 1916, 38 , 2545; 1917, 39 , 435; 1919, 
41 , 292) obtained good yields of bromo- and iodo-substi- 
tution products without the formation of halogen hydride. 

2. From compounds containing oxygen (the phenols, aro- 
matic alcohols, aldehydes, ketones, and acids), by the action 
of phosphorus pentachloride or bromide: 

CeHg.OH + PClfi = CeH^Cl + POCl3^+ HCl ; 

CeHfi.CHiO + PClfi = CeHg-CHCla + POCla. 


3. From the primary amines. The amine is first converted 
into a diazonium salt (p. 409), and this is then warmed with solu- 
tions of cuprous chloride or bromide, when the corresponding 
chlorine or bromine compound is obtained. If the diazonium 
salt is warmed with potassium iodide solution, iodo-substitution 
products are obtained : 


CeH,.N(Cl):N = CeH,Cl-f N^; 

CeH5.N(Cl);N -f KI = CJEL^l -f Ng -f KCl. 


Gattermanv! s modification consists in transforming the amine 
into the diazonium chloride, bromide, or iodide, and then de- 
composing this with finely-divided copper powder {Sandmeyer, 
B. 17, 1633, 2650; Gattermann, B. 23, 1218): 

CeHfi.NIiN = CoHgl-fNa 

The method is largely used for the preparation of halogen de- 
rivatives of benzene homologues, especially for iodo-derivatives. 

j9-Dibromo-benzene is obtained, together with bromo-ben- 
zene, by bromination of benzene in presence of a little iron. 

The trichloro-henzene which results by direct substitution 
has the (asymmetric) constitution 1:2:4. It may also be 
formed by the separation of 3 HCl from CgHgCl^. 

Hexaohloro- and hexahromo-henzenes are produced by the 
prolonged chlorination or bromination of benzene, toluene, 
naphthalene, &c., and also from carbon tetrachloride and 
bromide, cf. p. 366. They are solids and can be distilled. 

When toluene is chlorinated or brominated, as given on 
p. 380, the para- and ortho-compounds are formed in approxi- 
mately equal quantities. m-Chloro-toluene is obtained from 
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chloro-j!?-toluidine, CgH3Cl(NH2)CH3 (from ^toluidine and Cl), 
according to method 3. Oxidation by HNOg, CrOg, or KMn04 
converts them into the halogenated benzoic acids, but chromic 
acid mixture must only bo used in the case of the jh and m-, 
and not in that of the o-compounds, as it completely disinte- 
grates the latter. 

Benzyl chloride, C^Hg *011201 (Cannizaro), is prepared by 
chlorinating boiling toluene, and benzyl bromide in an analo- 
gous manner; the latter can be converted into benzyl iodide 
by potassium iodide solution. The behaviour of these com- 
pounds shows them to be the halide esters of benzyl alcohol, 
O^jHg-CHo'OH, from which they may be obtained by the 
action of halogen hydride, or of halogen derivatives of phos- 
phorus, and into which they are transformed by prolonged 
boiling with water, or better, with a solution of potassium 
carbonate. When boiled with potassium acetate, the chloride 
yields benzyl acetate, with potassium sulph-hydrate the mer- 
ca^n, and with ammonia the amine. 

The compounds containing halogen in the side chain irritate 
the mucous membrane of the nose and eyes exceedingly, and 
on oxidation yield benzoic acid. Benzyl chloride is used on 
the large scale for the preparation of oil of bitter almonds and 
also of certain dyes. 

Benzal chloride, Benzylidene chloride, O-Hg • CHClg, and 
benzo-tricUoride, GgHg-CCU, are produced by the further 
chlorination of boiling toluene and also by the action of PClg 
upon the corresponding oxygen compounds, benzaldehyde, 
O^Hg-CHO, benzoic acid, CgHg *00211, and benzoyl chloride, 
CgHg*COCl. They are liquids resembling benzyl chloride, 
and are reconverted into the original oxj^gen compoimds by 
superheating with water, and into benzoic acid by oxidizing 
agents. 

Chlorobromo-benzenes, CgH^ClBr, chlor-iodo-benzenes, and 
other mixed derivatives also exist in large number. 

Substitution compounds of unsaturated Inrdrocarbons are 
likewise known, e,g, )3-bromo -styrene, OgHg • CBr : CHg, o- 
bromo-styrene, CpHg*CH:CHBr, &c. 

Iodine Derivatives contaiaing a Polyvalent Iodine Atom. 
— The iodine atom attached to the nucleus may in many cases 
unite with other atoms, and thus exercise a higher valency. 
The compounds thus obtained have but few analogues in the 
fatty series. 

Phenyl-iodide dichloride, GgHg*I:Cl 2 (Willgerodt), is formed 



NITRO-COMPOUNDS 


383 


as a yellow crystalline compound when dry chlorine is led 
into a chloroform solution of phenyl iodide. The chlorine is 
loosely combined, and may be removed on warming, or by the 
action of potassium iodide. Alkalis transform the dichloride 
into iodoso- benzene, Cj^Hg-IrO, a yellow amorphous sub- 
stance which dissolves in acids, yielding salts, e,g, acetate, 
CgHg* 1(0211302)2, nitrate, CgH5*I(0*N0^)2, &c. It decom- 
poses when heated, oxidizes potassium iodide solution, and 
when kept or when distilled in steam is converted into phenyl 
iodide and iodoxy-benzene, C3H5-I02. This latter is crystal- 
line, explodes when heated, is not basic, and resembles per- 
oxides. It may also be prepared by oxidizing the iodoso- 
compound with Carols reagent. 

lodoninm compounds {Rartmann and V, Meyer , B. 27 , 1592 ), 
e.g, diphenyl-iodonium iodide, (03115)21 -I, and the correspond- 
ing hydroxide, (03115)21 • OH, can be obtained when a mixture of 
iodoso- and iodoxy-benzene is shaken with moist silver oxide: 

CaH5.I:0 + OoH5.I03 + Ag.OH = (C3H5)2l-OH + AglOg. 

The hydroxide which is only known in solution has strongly 
alkaline properties. The salts, which crystallize well, closely 
resemble the thallium salts. It is highly probable that the 
three valencies of the polyvalent iodine atom in these iodo- 
nium salts lie in the same plane, as, according to Peters and 
Kipping (J. 0 . S. 1902 , 1350 ), stereo-isomerides of the form 
RR1«X GO not appear to exist, and no resolution into optically 
active components can be effected. 


XX. NITRO-SUBSTITUTION PRODUCTS OF THE 
AROMATIC HYDROCARBONS 

When benzene and its derivatives are treated with concen- 
trated nitric acid, most of them are easily dissolved, with evo- 
lution of heat, and transformed into nitro-compounds which 
are precipitated on the addition of water. According to the 
conmtions of^ the experiment and the nature of the comj^und 
to be nitrated, one or more nitro-groups enter the mmecule 
(see, e,g.^ phenol). The nitro-groups substitute in the nucleus^ 
and only very seldom in the side chain (cf. p. 387 

Very often fuming nitric acid or a mixture of fuming nitric 
and concentrated sulphuric (or fuming sulphuric) acid is used. 
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The advantage of the addition of sulphuric acid is to absorb 
the water formed during nitration, and thus to keep the nitric 
acid from becoming too dilute. The stronger the acid and 
the higher the temperature, the larger the number of nitro- 
groups introduced. The homologues of benzene are, as a rule, 
nitrated more readily than benzene itself. 


SUMMARY 


C.H5.NO, 

CA{NO,). 

Nitro-benzene 

Positions of 
Substituents. 

M..p. 

+3* 

B.-P. 

208" 

Sp. 

gr. 

1.204 

o-Dinitro- benzene . . . 

1:2 

117 ° 

319" 



m-Dinitro-benzene .. 

.. 1:3 
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302" 



p-Dinitro-benzene ... 

1:4 

172“ 

299" 


C.H.(NO,). 

s-Trinitro-benzene . . 

.. 1:3:6 

122“ 

t 


(M-Trinitro- benzene 

.. 1:2:4 

67*6" 



CH 3 .CeH 4 .NO 3 ... 

o-Nitro-toluene 

.. *1:2 

-10*6" 
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m-Nitro-toluene 

1:3 

-M6" 

230" 

1-168 


p-Nitro-toluene 

1:4 

61" 

234"-j 

r 1-123 

l(64") 

CHe.CeH..(N03)3 

2 :4*Dinitro- toluene . 

.. 1:2:4 

70" 

t 

2:6-Dinitro- toluene . 

.. 1:2:6 

66" 



(CHeh'CeHe.NOa 

4-Nitro-xylene 

.. 1:3:4 

4-2" 

246" 

vise 

(CH|)|CeHa . N O].. 

Nitro-mesity lene. . . . 

.. 1:3:5:2 

44" 

266" 

... 


Nitro-compounds are also produced by the action of nitrous 
acid upon diazonium compounds in the presence of cuprous 
oxide {Sand7My&i\ B. 20, 1494): 

CeHfiNaiN + HNOa = CeHj.NOa + HQ + 
and also by the oxidation of primary aromatic amines: 

► C0H5»NO2 

(Bamberger^ B. 1893, 26, 496). These reactions, however, are 
mainly of theoretical interest. 

They cannot, however, be prepared according to mode of 
formation 1 for nitro-methane (p. 97), Le, by the action of 
on O^HgCl, &c. • / 

The nitro-compounds are, for the most part, pale-yellow 
liquids which distil unchanged and volatilize with water 
vapour; some form colourless or pale-yellow crj^stals; some- 
times they are also of an intense yellow or red colour. Many 

* The jKisitions of OH| group, or groups, are always given first, 
t Most of the polynitro-oompounds are not xrolatile, but decompose 
when heated. 
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of them explode when heated. They are heavier than water, 
and insolulne in it; but most of them are readily soluble in 
alcohol, ether, and glacial acetic acid. 

The nitro-group in most aromatic nitro-compounds is bound 
very firmly, as in the case of the nitro methanes, and is not 
exchangeable for other groups. Like the latter compounds 
also, they are readily reduced in acid solution to the corre- 
sponding amines; in alkaline solution they are converted into 
azoxy-, azo-, and hydrazo -compounds (see these), and in 
neutral solution into hydroxylamine derivatives. 

When reduced electrolytically, nitro -benzene can yield 
either phenyl-hydroxylamine, CgH^-NH-OH, which is imme- 
diately transformed into ^-amino-phenol, 0 H* 05 H 4 *NH 2 
(Gattermann, B. 1893, 26, 1814; 1894, 27, 1927), or it can 
yield aniline. When hydrogen is passed into an alcoholic 
solution of nitro-benzene containing colloidal palladium, ani- 
line is formed. (Cf. Chap. XLIV.) 

Nitro-benzene, UgH5(N02) (Mitscherlich^ 1834), is formed when 
a mixture of sulphuric and the calculated quantity of nitric acid 
is added to benzene. It is a yellow liquid with an intense 
odour of oil of bitter almonds, solidifies in the cold, melts at 
+ 5°, and is used as a cheap scent for soaps and also for the 
manufacture of aniline. 

Dinitro-henzenes, CqB.^(N 02)2 are produced when benzene 
is boiled with fuming nitric acid; in this, as in all analogous 
cases, the two nitro OTOups take up the meta-position to one 
another, very little of the <?- and ^compounds being formed, 
and after crystallizing from alcohol, pure wirdinitro-benzene is 
obtained in long colourless needles. 

The o-compound crystallizes in plates and the compound 
in needles, both being colourless ; they are prepared indirectly 
by eliminating NHg from the corresponding di-nitranilines. 

When reduced, they yield first the three nitranilines, and 
then the phenylene-diamines (pp. 39.8 and 404). 

o-Dinitro-benzene exchanges a nitro-group for hydroxyl when 
boiled with caustic soda, and for an amino-^oup when acted 
on by ammonia, yielding o-nitro-phenol, CgH 4 ^ 02 )( 0 H), and 
o-nitraniline, CflH4(N02)(i^H2), respectively. These reactions 
appear to be^ characteristic of all compounds containing two 
nitro-groups in ortho-positions. The 7»-compound is oxidiz- 
able by KgFeOgNg to a- and ^-dinitro-phenol. 

s-Trinitro-benzene crystallizes in colourless plates, melts at 
and forms additive compounds with aromatic hydro- 
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carbons, phenols, and especially with aromatic bases, e.g, ani- 
line, naphthylamine. Most of these are well-defined crystal- 
line compounds of red, reddish-brown, or black colour, and are 
readily resolved into their components by warm mineral acids 
(A. 1882, 216, 344; J. C. S. 1901, 622; 1903, 1334; 1906, 
583; 1910, 773). 773; 1916, 270, 1339, 1349). 

ITitro-toluenes, CH 3 -C 5 H 4 -N 02 . — When toluene is nitrated, 
the p- and o-compounds, with very little 7 W-compound, are 
formed. The first is solid, crystallizing :n large prisms, and 
the second liquid, the latter being used as a perfume under 
the name of “oil of mirbane”; both are employed in the colour 
industry. T^i-Nitro- toluene can be prepared indirectly from 
m-nitro-|?-toluidine, CgH 3 (CH 3 )(NOo)(NH 2 ), by the elimination 
of the amino-group (p. 411). Further nitration gives rise to: 

Dinitro- toluenes, CH 3 • C 3 H 3 (N 02 ) 2 , of the constitution 
CH 3 :N 02 :N 02 = 1:2:4 and 1:2:6, the two nitro-groups 
being again in the ni-position to one another in both cases. 
(Cf. p. 385.) 

Most of these nitro-compounda are of great technical im- 
portance, on account of the readiness with which they are 
reduced to amines. 

Trinitro-tertiary-butyl-toluene, C 3 H(CH 8 )[C(CH 3 ) 3 ](N 02 ) 3 , 
is used as “artificial musk”. 

Chloro- and Bromo-nitro-benzenes. — When chloro- or bromo- 
benzene is nitrated, ^-chloro- (or bromo-) nitro- benzene is 
formed, together with smaller quantities of the o-compounds. 
The m-compounds must be prepared indirectly by replacing 
an amino-group in m-nitraniline by halogen. The ^nieriva- 
tives have a higher melting-point than their isomers, and the 
m-compounds for the most part a higher one than the o-deri- 
vatives, this law frequently repeating itself in other cases also. 
The ^-derivatives are usually also less soluble in alcohol. The 
0 - and ^-compounds, but not the m-, exchange halogen for 
hydroxyl when boiled with potash, and for the amino-group 
when heated with ammonia. 

In s-trinitro-chloro-benzene,*C 3 H 2 (N 02 ) 8 Cl, and in 1-chloro- 
2 ; 4-dinitro-benzene the chlorine atoms have been rendered so 
readily exchangeable, that the compounds behave as alkyl 
chlorides, or even as acid chlorides; hence themame “picryl 
chloride”, the chloride of picric acid (p. 439), for the former 
compound 

a-, m-, and ^-Nitro-cinnamenes, C^H 4 (N 02 )(C 2 H 8 ), can be 
prepared by indirect methods. a-Nitro-styrene, CnHj-CH: 
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CH-NOg, which is formed by the action of nitrous acid on 
cinnamene, contains the nitro group in the side chain, since it 
can be prepared from benzoic aldehyde and nitro-methane by 
means of zinc chloride, thus: — 

CcHft.CHO + CHg.NOs = CflH^-CHiCH.NO, + H,0. 

o-Nitro-phenyl-acetylene, NOg • • C • CH, is formed 

when <?-nitro-phenyl-propiolic acid is boiled with water. It 
crystallizes in colourless needles. 

Phenyl-nitro-methane, C^Hg-CHg-NOg, isomeric with the 
nitro-toluenes, is the most typical of the aromatic nitro-deriva- 
tives with a nitro-group in the side chain. It is formed by the 
action of nitric acid (D 1 ‘ 12 ) on toluene under pressure, and 
also by the action of benzyl halides on silver nitrite (cf. Nitro- 
methane). It is a true nitro-derivative, and not an alkyl 
nitrite (benzyl nitrite, CgHg-CHo-O-NiOb as it is not readily 
hydrolysed, and when reduced yields oenzylamine, CgHg* 
CHo-NHj. It exists in two distinct modifications, which are 
readily transformed into each other. As generally prepared, 
it is a colourless liquid with a characteristic odour, boils at 
225®-227®, and dissolves to a certain extent in water, jdelding 
a solution which does not give a coloration with ferric chloride. 
The second modification, which is a crystalline solid melting 
at 84®, is formed when the sodium derivative obtained from 
the oily compound is decomposed in the cold by hydrochloric 
acid. The solid modification is relatively unstable, and when 
kept, gradually passes over into the oily form. The solid is 
probably a hydroxy-compound, since (a) its aqueous solution 
gives a red-brown coloration with ferric chloride, (b) it reacts 
with phenyl-carbimide, (c) it reacts with PCI 5 , and {d) with 
benzoyl chloride it gives dibenzhydroxamic acid, 

CsHj.CO.NH.O.COCaHj (from 


The solid would thus be represented by the formula: 


C0n5 • CH : NO • OH or perhaps 


CeH^.CH.N.OH, 


an ismitr(hioTmulsk, the sodium salt by CgHg-GHrNO-ONa, 
and the oil by CgHg-CHo-NOn. The tendency to form iso- 
nitro-compounds is also snown by certain aliphatic nitro-com* 
pounds. (Of. Absorption JSpectra, Chap. XLVll, F.) 
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The oily compound, although it gives rise to a sodium salt, 
is, strictly speaking, not an acid ; it is what is termed a pseudo- 
add, and before it yields a sodium salt it undergoes intra- 
molecular rearrangement, yielding the true acid — the isonitro- 
compound. When the sodium salt is treated with a minera 
acid, the isonitro-compound, or true acid, is first formed; but 
as this is unstable, it gradually changes over into the true 
nitro- or pseudo-acid form. Numerous examples of pseudo- 
acids, i.e. compounds which on formation of metallic salts 
undergo intramolecular rearrangement so that the orimnai 
substance has a structure different from that of the salt, have 
been investigated by HarUzsch (B. 1899, 32, 575; 1902, 36, 210, 
226, 1001; 1906, 39, 139, 1073, «c.), who describes the following 
as some of the most characteristic criteria of pseudo-acids: — 

1. The compound is a pseudo-acid if it gradually neutralizes 
an alkali. The pseudo-acid, as such, does not neutralize the 
base, but is first transformed into the isomeric true acid, 
which then neutralizes the alkali. If the transformation is 
slow, then the process of neutralization is also slow. Similarly, 
if when a solution of a salt of the acid is decomposed by an 
equivalent quantity of a mineral acid, the electrical conductivity 
gradually falls to that required for the metallic salt of the 
mineral acid, it indicates that the acid is a pseudo-acid, e,g, 
barium isonitro-methane +HC1 give isonitro-methane -hBaCl 2 , 
and then nitro-methane +BaCl^. Isonitro-methane is a fairly 
strong acid, and hence is dissociated to an appreciable extent; 
as it becomes transfoimed into nitro-methane (the pseudo- 
acid) the conductivity will diminish, as nitro-methane is an 
extremely feeble acid — scarcely ionized. 

2. If the original compound is extremely feebly acidic, and 
yet yields a sodium derivative which dissolves in water yield- 
ing a practically neutral solution, then the compound must be 
a pseudo-acid. It is a well-known fact that only sodium salts 
derived from comparatively strong acids, e.g, NaCl, Na 2 S 04 , 
Nal, &c., dissolve in water to neutral solutions, i.e, are not 
hydrolysed by water. The sodium salts derived from feeble 
acids are always appreciably hydrolysed, e.g, NagCOj, OHj* 
COONa, &c. Hence if the sodium salt is not hydrolysed to 
an appreciable extent, the salt must be derived trom a strong 
acid (the true acid), and the non- or feebly acidic compound 
must be the pseudo-acid. 

3. If the compound in question will not yield a salt with 
ammonia in an anhydrous solvent, e.g. dry l^nzene, but will 
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do so in the presence of water, e.g. m moist ether, then the 
substance is a pseudo-acid. The formation of a salt in dry 
ether does not necessarily indicate that the substance is a 
true acid. 

4. If the compound dissolves in water or in other dissociating 
(ionizing) media to a colourless solution, but yields a coloured 
solid salt or coloured ions when dissolved in alkalis, it is a 
pseudo-acid. 

5. An abnormally high temperature coefficient for the elec- 
trical conductivity and an increase in the coefficient with rise 
of temperature are further indications of pseudo-acids. 

Nitro-methane, bromo-nitro-methane, dibromo-nitro-meth- 
ane, nitro-ethane, phenyl-nitro-methane, phenyl-bromo-nitro- 
methane, in addition to numerous other organic compounds, 
e,g. cyanuric acid, react as pseudo-acids. 

NITROSO-DERIVATIVES OF THE HYDROCARBONS 

Nitroso-benzene, C 5 H 5 «N: 0 , an aromatic compound which 
contains the nitroso-group, -NrO, in place of a benzene hy- 
drogen atom, is produced by the action of nitrosyl chloride, 
NO *01, upon mercury diphenyl dissolved in benzene; it is 
also obtained by the oxidation of diazo-benzene with alkaline 
permanganate, and most readily by the oxidation of phenyl- 
nydroxylamine with chromic acid or ferric chloride. It forms 
colourless plates, melts at 68 ®, yields green solutions, and pos- 
sesses a powerful odour similar to that of cyanic acid. When 
reduced it yields aniline, and when oxidized nitro-benzene. 
It readily condenses with different compounds, e,g, with ani- 
line in the presence of acetic acid to azo-benzene; 

CeH,.N;0 + H2N.CeH, = Hp + CeH5.N;N.CeH^ 


and with phenyl-hydroxylamine to azoxy-benzene. 

Nitroso-derivatives of tertiary amines are obtained directly 
by the action of nitrous acid*imon the latter. (See Nitroso- 
dimethyl-aniline, NO * 0 ^ 114 . N(CH 3 ) 2 , p. 402.) 



390 


XXI. ARYLAMINBS 


XXL AMINO-DERIVATIVES OR ARYLAMINES* 

(See Table, p. 391.) 

Aniline, the simplest of the aromatic bases, may be regarded 
(1) as benzene in which a hydrogen atom is replaced by the 
amino-group (“amino-benzene”), or (2) as ammonia in which 
a hydrogen atom is replaced by pnenyl, OgHj*, (“phenyl 
amine”). According to the former view, amino-compounds 
can be derived from all the benzene hydrocarbons, and not 
only monamines (containing NH2), but also diamines (2NH2), 
triamines, &c.; according to the latter, the phenyl group 
may enter anew with the formation of secondary or tertiary 
amines. Secondary and tertiary amines, and even quaternary 
ammonium compounds, may also result from the entrance of 
alkyl-radicals into the above monamines, diamines, &c. 
Amines are also known in which the NH2 group is attached 
to a carbon atom of a side chain, e,g. OgHg-CHg-NH^. These 
compounds differ in many respects from aniline and its homo- 
logues. 

An extraordinarily largo number of aromatic bases are thus 
theoretically possible, and also actually known. In certain 
respects they closely resemble the aliphatic amines, e.g, they 
form salts with acids, e.g, CaHgNHg, HCl, and complex salts, 
e.(/. platinichlorides and aurichlorides, 20gH5NH2, H^tClg and 
CaHjNHg, HAUCI4; they possess a basic <^our, give rise to 
white clouds with volatile acids, and distil for the most part 
unchanged, &c. As a rule, however, they are weaker bases 
than the aliphatic amines, since the phenyl group, C^Hg, pos- 
sesses a negative character, and not — like the alphyl radicals — 
a positive; thus the salts of diphenylamine are decomposed 
even by water, and triphenylamine no longer possesses basic 
properties, while dimethyl-aniline has a strongly-marked basic 
character. 

* To distinguish between n.onovalent alcoholic or hydrocarbon radicals 
of the fatty and aromatic series cue toiiowmg system has been suggested : — 
The term alkyl group comprises all such monovalent radicals whether of 
the aliphatic series, e,g, OHs, OsHs, or of the aromatic, e,g, CeH«, OHfCeHi, 
OiH|*OHs, &o. The purely aliphatic alkyl radicals are termed alphyl 
^ups, and the aromatic, aryl ( VoHdmdtr^ J. pr. [2], 59, 247). Thus aniline 
IS often spoken of as a type of the azylamines. 



PRIMARY MONAMINBS 


391 


The diamines have a more strongly basic character than the 
monamines, and are more readily soluble in water. 

ANILINE AND ITS HOMOLOGUES 


Positions of of 


Formula. 

Ifame. Substituents 

NHa in 1. 

M..p. 

B.-p. 

Acetyl 

DeriTative. 



CeH^Me.NHg... 

Aniline 

-8* 

183” 

116” 

o-Toluidine 1:2 

liq. 

199® 

110“ 


m-Toliiidine 1:3 

liq. 

199® 

66-6“ 


jo-Toluidine 1:4 

42*8° 

198® 

153® 

CgHijMea'NHj.. 

fltcf/.-o-xy lidene.... 1:2:3 

liq. 

223” 

134” 

t4rwym.-o-xy lidene 1:3:4 

49® 

226” 

99” 


a(3^*.-m-xylidene. . . 1:2:6 

liq. 

215® 

176" 


^xylidene 1:2:5 

Mesidine 1:2:4:6 


215® 

139” 

CgHgMeg'NHj.. 

liq. 

233® 

216" 

Paeudo-cumidine . 1 : 2 : 4 : 6 

68“ 

234® 

164" 

CflH.-NHMe... 

Methyl-aniline 


192® 

101-102” 

CoHfi.NMea 

Dimethyl-aniline. 

• •• 

192® 

... 

CeHfi.NHEt 

Ethyl-aniline 

• •• 

204® 

64-6" 

C,H..NEt, 

Diethyl-aniline 

• •• 

213® 

... 


Benzylamine 

• •• 

183® 

60" 


A. Primary Monamines 

Isomers , — ^The isomerism of the aromatic is in part analogous 
to that of the fatty amines (p. 110), e,g, dimethyl-aniline is 
isomeric with the methyl-toluidines and the xylidines. Cases 
of isomerism are also caused by the amino-group being present 
in the benzene nucleus in the one case, and in the side chain 
in the other. Finally, position isomerides are frequently met 
with, e,g, o-, m-, and ^-toluidines, CHg-C^H^-NHg. 

Constitution , — As already seen at pp. \ \l et seq,y amines are 
very easy to characterize as primary, secondary, &c. In 
addition, their modes of formation, and also their behaviour, 
show whether the amino-group of a primary amine is present 
in the benzene nucleus or in the side chain. 

Modes of Formation. — 1. The most important mode of pre- 
paration of the primary arylamines, whetner mono- or di-, &c., 
is the reduction of the corresponding nitro-compounds: 

CgHg-NOg-fSH = 2HgO-f-Ce,H5.NH, 

Kitro-benzene Aniline. 

C,H.(NOj), + 12H = 4H,0 + CaH,(NH,), 
DUlUro-bem^ne Phen^lene-d|ainUl9* 
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The usual method of introducing an amino-group into a 
benzene hydrocarbon is to first nitrate and then reduce. An 
interesting direct method for the introduction of the NHj 
group is by the action of ferric or aluminic chloride on a 
mixture of the hydrocarbon and hydroxylamine hydrochloride 
(B. 1901, 34, 1778): 

CeHe + NHj.OH = HjO + 

The reduction of nitro- to amino-compounds takes place 
most readily in acid solution, e.g. by the gradual addition of 
the former to a warm mixture of tin or stannous chloride 
and hydrochloric acid. On a manufacturing scale, iron and a 
limited amount of hydrochloric acid are used (Bdchamp)y also 
frequently zinc dust and hydrochloric or acetic acid. Am- 
monium sulphide {Zinin), ferrous sulphate, and baryta water, 
&c., also effect the reduction. (See Aniline and Chap. XLIY 
on Eeduction.) 

Aniline and its homologues may also be obtained by the 
electrolytic reduction of nitro-compounds. 

Ammonium sulphide acts more mildly than tin and hydro- 
chloric acid, and is therefore of special value for the partial 
reduction of dinitro-compounds (see Nitraniline). An alcoholic 
solution of stannous chloride containing hydrochloric acid may 
also be used for this purpose (B. 19, 2161). 

Amines are also formed when nitroso-compounds and aryl- 
hydroxylamines are reduced. 

2. By heating phenols with the compound of zinc chloride 
and ammonia, or of calcium chloride and ammonia, to 300^ 
(Merz), secondary amines being formed at the same time: 

CflHfi.lOH + HiNHg = CeHfi.NHa + HaO. 

This reaction proceeds more easily in the presence of nega- 
tive groups, e.g. with the nitro-phenols (B. 19, 1749). 

3. By distilling amino-acids with lime, sometimes by merely 
heating them alone: 

NHa.CeH4.OOaH = 'CaHe-NHa + CO^ 

4. When the hydrochlorides of secondary and tertiary 
amines of the type of mono- and di-methyl-anilinp are heated 
in sealed tubes, the methyl groups wander from the nitrogen 
atom to a carbon atom of the benzene nucleus, e,g, methyl- 
aniline hydrochloride at 335® yields toluidine hydrochloride; 

CeHe.NHCH3,Ha = CH5.CeH4.NH2, HCL 
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The methyl groups invariably take up the o- or jh^ and not 
the m- position, with respect to the amino-group. 

Similarly, the final product obtained by heating phenyl- 
trimethylammonium iodide, O-Hg-NMegl, is mesidine hy- 
dri^ide, CeHgMeg-NHjP^HaiMej = l:2:4r;6n Diphenyl- 
amine hydrochloride does not behave in a similar manner. 

This reaction, often known as the Hofmann reaction, is of 
considerable service in obtaining the higher homologues of 
aniline from aniline, toluidine, &c. Aniline is readily con- 
verted into dimethyl-aniline, and when the hydrochloride of 
this is heated to about 300® the methyl groups wander fromi 
the side chain into the nucleus: 

CeHj.NMej — CeHgMej-NHj. 

6. Primary amines can be obtained from acid amides by* 
Hofmann* s reaction (cf. p. 191), viz. treatment with bromine* 
and alkali, or from acid azides, R-CO-Ng. When boiled withi 
alcohol the azide yields nitrogen and, by molecular rearrange- 
ment, a urethane, R*NH*CO*OEt, and this on hydrolysis, 
gives a primary amine, RNHg. 

6. The aromatic amines cannot, as a rule, be obtained by* 
hating chloro-benzene, &c., with ammonia unless there is r 
nitro-group in the ortho- (or para-) position with respect to 
the halogen. Benzylamine, however, and all analogously 
constituted bases, which contain the NHg group in the side 
chain, can be obtained by the methods employed for the pre- 
paration of aliphatic amines. Thus benzylamine is formed by 
the action of ammonia, or better, of acetamide upon benzyl 
chloride (the latter method gives acetyl-benzylamine, which 
can be readily hydrolysed). 

Properties , — The primary monamines are either liquid or 
solid crystalline bases. They are colourless when pure, but 
readily become brown when exposed to the air, largely 
owing to the presence of small amounts of impurities, and 

f )ossess a weakly basic though not disagreeable odour. Ani- 
ine is somewhat soluble in water (1:31), its homologues 
less so. 

Behavimr,—\, With acids most of them form crystalline 
salts, the majority of which are readily soluble in water. 
They do not, however, unite with very weak acids, such as 

* The numbers 1 : 2 : 4 : 6 indicate the relative positions of the amino- and 
three methyl-radicals in the benzene ring. 
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carbonic, and they are therefore separated from their salts in 
the free state by sodium carbonate, and in some cases even by 
sodium acetate (when no acetates exist). They yield com- 
plex salts, such as platinichlorides, (C^H5NH2)2, HoPtCL, auri- 
chlorides, O^H^NH^, HAUCI4, and similar compounds with stan- 
nous, stannic, and zinc chlorides. The platinum double salts 
are often sparingly soluble, and therefore suited for the isolation 
of the bases. 

All salts of the bases are readily decomposed by strong 
alkalis, and the free bases are regenerated. Even in aqueous 
solution the salts are largely split up into free acid and free 
base; the result is that the strength of a solution of aniline 
hydrochloride may be determined by titrating the hydrochloric 
acid present by standard alkali hydroxide, using phenol- 
phthalein as indicator. This is not due to the fact that the 
salt is completely hydrolysed in aqueous solution; in reality 
there is a state of equilibrium represented by the equation: 

CeHj.NHsCl CeH,NHa + HCl, 


and as the HCl is neutralized by the addition of alkali, more 
of the aniline salt is decomposed in order to restore the equi- 
librium. This continues until the whole of the salt is decom- 
posed, and the HCl neutralized by the alkali. 

The amines also form additive compounds with numerous 
metallic salts, e.g, 2CgHyN + ZnClg, 26pH7N -|- HgClg, &c. 

2. When aniline is heated with potassium or sodium, the hy- 
drogen is replaced by metal with formation of the compounds 
CQHgNHK and C^HgNKg. These yield di- and tri-phenylamine 
with bromobenzene, and decompose immediately with water. 

3. The primary arylamines react with methyl iodide, benzyl 
chloride, &c., yielding secondary, tertiary, and even quaternary 
compounds: 


CeHfi.NHa + CH 3 I = C«H,.NH(CH 3 ), HI; 
CeH3.NH(CH3) + CH3l = CeHg.NfCHg)^, HI; 
C3H3.N(CH3)2 + CH3l = CeH3.N(CH3)3L 


The secondary and tertiary bases can be liberated from their 
hydriodides by soda, but moist oxide of silver must be used in 
the case of the ammonium bases (see p. 1 12). 

4. Just as the ammonium salts of acids can eliminate water, 
yielding amides, so the aniline salts can yield anilides, e.g 
aniline acetate gives acetanilide ^ 

CHj.CO.ONHaCeHj = GHj-OO-NHCeH^ + H^O. 
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These anilides may be looked upon either as acetylated 
amines or as phenylated amides, the formula CHg-CO* 
NH'CgHg corresponding with the latter view. They are in 
every respect analogous in their chemical behaviour to the 
ordinary amides, especially to the alkylated amides (p. 189). 
being hydrolysed to the acid and aniline by alkalis, and being 
formed by analogous methods, by heating the acid, or 
better, its anhydride or chloride, with the amine in question, 
thus : — 

CH3.CeH4.NHj + CH3.COCl = CHs.CeH4.NH.CO.CH3 + HCl. 

Toluidine Acet-toluidide 

5. Aliphatic aldehydes react with the primary bases, with 
elimination of water, thus: — 

CHs.CHO + SCeHfi.NHj = CH3.CH(NH.CeHe)2 + HjO. 

Ethylldene-diphenyl-diamine 

Aromatic aldehydes, however, react as follows: — 

CeHe.CHO + NHs.CeHe = CeHe.CHiN.CeHe + H3O. 

In this case an additive compound appears to be first formed, 
CeHK.CH(OH).NH.CeH 5 , and this loses water, yielding ben- 
zylidene aniline, OgHg . CH : N • C^Hg. 

Condensation products of this latter kind (Schiff’s bases) 
can also be obtained with the fatty aldehydes, but they poly- 
merize readily ( 1 ;. Miller^ Plochl, B. 26, 2020). 

6. When warmed with chloroform and alcoholic potash, the 
primary bases, like those of the fatty series, yield isonil^es 
of stupefying odour. When they are warmed with carbon 
disulphide, thio-ureas are formed, and from the latter isothio- 
cyanates (mustard oils) by treatment with phosphoric acid (cf. 
pp. 285 and 306). 

7. Bromine and chlorine, especially in the form of sodium 
hypochlorite or hypobromite, react with amines, forming sub- 
stituted derivatives of the type CgHg.NHBr, in which the 
halogen is attached to nitrogen. These compounds are ex- 
tremely unstable, can only be kept at low temperatures, and 
the halogen atom readily passes from the side chain into the 
benzene nucleus, CuHg.NHBr CgH 4 Br.NH 2 , usually into 
the para-position (Chattaway and Chton^ J. C. S. 1899, 1046; 
1900, 134, 152, 789, 797). 

8. Nitrous acid converts the primary aromatic amines in 
acid solution into diazoniura salts (p. 409), and in the absence 
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of acids into diazo-amino-compounds (p. 416). For discussion 
of action of nitrous acid on primary and secondary amines, see 
Oddo, G. 1914, 44 , ii, 209. 

9. The oxidation products of the primary bases are very 
various, azo-benzene, nitro-benzene, p-amino-phenol, phenols, 
quinones, azo-compounds, aniline black, &c., resulting accord- 
ing to the conditions. 

10. The bases which contain the amino-group in the side 
chain possess, in contradistinction to the purely aromatic 
amines, the character of the amines of the fatty series, and 
cannot, therefore, be diazotized. 

Aniline, amino-benzene, Phenylamine, CgHg-NHg, was first 
obtained in 1826 by Unverdorhen from the dry distillation of 
indigo, and termed by him “crystalline”; then Bunge found 
it in coal-tar in 1834, and called it “cyanol ” In 1841 Fritsche 
prepared it by distilling indigo with potash, and gave it the 
name of aniline; while in 1842 Zmin obtained it by the re- 
duction of nitro-benzene, and called it “benzidam”. It was 
accurately investigated by A, JF, Hofmann in 1843, and he 
was able to show that all the above products are identical. 

Preparation . — Since 1864 aniline has been prepared on a 
manufacturing scale by reducing nitro-benzene with iron filings 
and a regulated quantity of hydrochloric acid, and distilling 
with steam after the addition of lime. The amount of hydro- 
chloric acid actually employed is only about ^th of that 
required by the equation: 

CeHfi.NOg + 3Fe + 6HC1 == + 2 H 2 O + SFeClg. 

This is probably due to the fact that the ferrous chloride is 
hydrolysed to the hydroxide and free HCl; this latter then 
reacts with the iron and produces reduction of more nitro- 
benzene with formation of aniline and ferrous chloride, which 
is again hydrolysed, and thus the reaction becomes continuous 
{Baikow, Z. Ang. Chem. 1916, 29, i, 196, 239). It is a colour- 
less, oily, strongly refracting liquid of peculiar odour, which 
quickly turns yellow or brown in the air, and is finally con- 
verted into a resin. It dissolves in 31 parts of water, has no 
action upon litmus, and is a weaker base than ammonia, 
although it can displace ^he latter at higher temperatures. It 
is poisonous, burns with a smoky flame, and is a good solvent 
for many compounds which are otherwise not readuy dissolved, 
e.g. indigo and sulphur. Aqueous solutions of the salts have a 
distinct acid reaction. 

The behaviour of aniline has been investigated with the 
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utmost care. Oxidation in alkaline solution leads to azo- 
benzene, while arsenic acid produces chiefly violaniline, a 
violet colouring-matter. A solution of free aniline is tem- 
porarily coloured violet by one of bleaching-powder, this 
reaction being an extremely delicate one. A solution in con- 
centrated H 2 SO 4 is first coloured red and then blue by a small 
^ain of potassium dichromate. A solution of K 2 Cr 207 pro- 
duces in an acid solution of aniline sulphate a dark-green and 
then a black precipitate of aniline blac^ (JViLlstdtter^ B. 1907, 
40 , 2665; 1910, 43 , 2976; Qreen, J. C. S. 1910, 2388; B. 191 1, 
44 , 2570; K 1912, 28 , 136, 250; 1913, 29 , 276; J. S. Dyers, 
1913, 29 , 338), and ultimately quinone, CgH 402 . A mixture of 
aniline and toluidine may be oxidized to magenta, mauveine, 
&c., and a mixture of aniline and p-diamines to safranines (see 
these). When reduced, aniline yields amino-hexamethylene, 
boiling at 134°. 

Salts, — Aniline hydrochloride, CgH^-NH^, HCl, forms large 
colourless plates which become greenish-grey in the air, and 
aniline sulphate, H 2 SO 4 , beautiful white plates, spar- 

ingly soluble in water. The platini-chloride, (C 6 H 7 N) 2 , HgPtClg, 
crystallizes in yellow plates, which are sparin^y soluble. 

Svhstitution Products — Halogen Derivatives, — Aniline is much 
more readily substituted by halogens than benzene, chlorine 
or bromine causing substitution of as many as three atoms 
of hydrogen, yielding s?/m-trichlor- or -tribrom-aniline, while 
iodine produces mono-iodoaniline. In the chlorination of ani- 
line it is necessary to use a solvent free from water {e.g. 
chloroform or glacial acetic acid), otherwise oxidation and not 
substitution occurs. In bromination the simplest method is to 
aspirate air saturated with bromine vapour through an acid solu- 
tion of aniline. In all these reactions the halogen probably 
first substitutes H of the NHg group (see p. 395). In the 
preparation of monochlor-aniline, the aniline must be “pro- 
tected" by using it in the form of its acetyl derivative, 
acetanilide. When this is suspended in water, it is mostly 
transformed by chlorine into p - chlor - acetanilide, which 
readily yields p-chlor-aniline on hydrolysis; the latter forms 
colourless crystals, m.-pt. 71°, b.-pt. 231°. The 0 - and mrcom- 
pounds, which are both liquid, are prepared indirectly, e,g. by 
the reduction of a- or m-chloro-nitro-benzene. 

The basic character is weakened in the mono-chlor-anilines 
by the entrance of the halogen, this being the case particularly 
in the o-compounds. It is still more striking in s-triohlor« 
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aniline, C^H 2 Cl 8 (NH 2 ) (crystals, volatile without decomposi- 
tion), which no longer combines with acids in presence of 
water, o- and ^-Chlor-anilines are only capable of taking up 
two more atoms of chlorine with the formation of trichlor- 
aniline: [NHgrClrChCl = 1. 2.4.6]; m-chlor-aniline, on the 
other hand, can be further chlorinated to tetra- and penta- 
chlor-aniline. 

The bromo-derivatives of aniline closely resemble the chlor- 
anilines, and may be prepared by similar methods. The best- 
known compound is ^-tribrom-aniline, which is formed by the 
action of bromine water on a solution of aniline hydrochloride. 
It crystallizes from alcohol in needles, and melts at IIQ"". 

As an example of the methods sometimes employed for the 
preparation of halogen derivatives may be cited the prepara- 
tion of 2:6-dibrom-aniline from sulphanilic acid, 1-amino-ben- 
zene-4-sulphonic acid. When carefully brominated, this yields 
the 2:6-dibromo-derivative; and when this is superheated with 
steam at 170° the sulphonic acid group is removed, and 2:6- 
dibrom-aniline, melting at 84°, is formed. 

Nitranilines. — Aniline is likewise attacked far more vio- 


lently than benzene by concentrated nitric acid, and therefore 
when it is wished to prepare the mono-nitro-compounds, the 
aniline must again be “ protected ”, either by using its acetyl 
compound, or by nitrating in presence of excess of concen- 
trated sulphuric acid. In the latter case all three nitranilines 
result, the m-compound preponderating. When acetanilide is 
nitrated, jtJ-nitracetanilide, NOg-C^H^-NH-CO-CHg, and a 
little of the (^-compound, are formed, and both are readily 
hydrolysed by potash or hydrochloric acid. 

The nitranilines are further obtained by the partial reduc- 


tion of the corresponding dinitro-benzenes, e,g, by means of 
ammonium sulphide; this is the method usually employed for 
the preparation of m-ni tramline. (For mechanism of the re- 
action, see Cohen and M^Candlishy J. C. S. 1905, 1257.) 

The a- and jt?-compounds are also formed when o- and p- 
CeHXl.NOg, CeH.Br-NOg, OH-CeH^.NOg, or OEt-CeH^-NOo 
are heated with ammonia at 180°, and conversely the o- and 
p-nitranilines are converted into nitro-phenols when boiled 
with alkalis, the former more easily than the latter, thus: — 


CeH4(N02XNH2)-f H.OH = CeH4(N02)0H NHg. 


These are all further examples of the remarkable influence of 
nitro-groups on other substituents, Cl, Br, OEt, 
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&c., in the o- and jh, but not in the w-position. (Cf. Picryl 
Chloride, p. 386, and Picramide.) 

The three nitranilines crystallize in yellow needles or 
prisms, and are readily soluble in alcohol, but only very 
slightly in water. They melt respectively at 71®, 114°, 147 , 
and their acetyl derivatives at 92°, 142°, and 207°. The (h 
and Tw-compounds are volatile with steam, but not p-nitraniline. 
When reduced, they j^ield phenylene-diamines. 

Di- and trinitranilines, 

CeH 3 (N 02 ) 2 (NH 2 ) and ' 

are likewise known; the latter, which is termed picramide, 
and which crystallizes in yellow needles, m.-pt. 188°, comports 
itself as the amide of picric acid, since it is readily transformed 
into the latter compound on hydrolysis. 

(For alkyl derivatives, see under Secondary and Tertiary 
Monamines.) 

Homologpues of Aniline. — Of the three tolnidines, CHg* 
CgH^-NHg, the o- and jo-compounds are obtained by the 
reduction of the corresponding nitro-compounds. The o- is 
liquid and the jp- solid. 

m-Toluidine, which is liquid, may be prepared from m-nitro- 
toluene or w-nitro-benzaldehyde (cf. B. 15, 2009). 

The boiling-points of the three isomeric toluidines are almost 
identical, but the melting-points of their acetyl compounds 
differ widely (see table, p. 391); these are, therefore, oi value 
for the characterization ot the toluidines. o-Toluidine is 
coloured violet by a solution of bleaching-powder, and blue by 
sulphuric and nitrous acids and also by ferric chloride, but not 
p-toluidine. For their conversion into fuchsine, see Triphenyl- 
methane dyes. If during oxidation the amino-group be pro- 
tected by the introduction of acetyl, the methyl radical can 
be oxidized to carboxyl and an acetyl derivative of amino- 
benzoic acid obtained. When oxidized with KMn 04 , 
amino-compounds are transformed into azo-compounds. 

(For higher homologues, sefe table, p. 391.) 

B. Secondary Monamines 

We have purely aromatic secondary amines, such as di- 
phenylamine, (CgH 5 ) 2 NH, and mixed secondary bases, which 
contain both an alphyl and an aryl group, e.g, methylaniline. 
CeHg.NH.CHj. 
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Modes of Formation.~\, Mixed secondary amines are formed 
when the primary amines are heated with alphyl iodides {Hof- 
mann) (see p. 108), or with the alcohol and a condensing agent, 
H2SO4, under pressure. 

This reaction does not usually stop short with the intro- 
duction of one alphyl radical, but extends further with the 
formation of tertiary bases. A method of separating any un- 
altered primary amine is by means of ethyl oxalate, which 
condenses with the primary but not with the secondary base, 
and the products can be separated by fractional distillation 
(/. Th<mas, J. C. S. 1917, 111 , 562). 

The secondary bases are separated from the tertiary by 
treatment with nitrous acid (see below, under Nitrosamines). 

2. A convenient method is the reduction of the primary 
amine and an aldehyde in an alkaline medium, e,g, zinc and 
caustic soda. Aniline and formaldehyde yield methylaniline 
{Morgan^ 1917). 

3. The purely aromatic secondary amines are obtained when 
the primary arylamines are heated with their hydrochlorides: 

CeHfi.NHa + CeHg.NHgHCl = HCl + NH3. 

Two different aryl radicals may be introduced, e,g. (CgHg • NH • 
CgH4-CH3, phenyl-tolylamine. 

Behaviour, — 1. The mixed secondary bases have strongly- 
marked basic properties, while the purely aromatic are feebler 
bases than the primary arylamines (cf. p. 390). 

2. For the migration of the alphyl group from the side 
chain into the nucleus, see p. 393. 

3. The hydrogen of the imino-group is replaceable by an 
alkyl or acyl radical, and also by potassium or sodium: 

(CeH,)2NH + CH3I = HI + (CeH,)2NCH3 

Methyl-diphenylamine. 

(CeHj)4NH + (CH3.C0)20 = CHj.COjH + (CeHj)2N.OO.CH3 

Acetyl-diphenylamine. 

4. The secondary bases give neither the isonitrile nor the 
“mustard oil” reaction (p. 395). 

5. With nitrous acid, nitrosamines are formed (cf. p. Ill): 

CeHgNHCHg-HNO.OH = HP + C6H5.N(NO).CH3 

Phenyl-methyl-nitrosamine. 

These nitrosamines are neutral oily liquids insoluble in 
water, and they regenerate the secondary bases when heated 
with stannous chloride or with alcohol and hydrochloric acid. 
With mild reducing agents they yield hydrazines. 
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They serve for the preparation of the pure secondary bases, 
since they alone are precipitated by sodium nitrite as non- 
basic oils from the acid solution of a mixture of primary, 
secondary, and tertiary bases. When such nitrosamines are 
digested with alcoholic hydrochloric acid, a molecular re- 
arrangement takes place, and compounds of the nature of 
nitroso-dimethyl-aniline (p. 402) are formed, the nitroso-group 
becoming attached to a carbon atom of the nucleus {0. Fischer 
and Hepp, R 19, 2991; 20, 1247): 

CeH6.N(NO).CH3 = NO.CeH4.NHCH3. 

All nitrosamines give LiebermanrCs reaction (p. 434). 

Methyl aniline, CgHg-NHMe, is a colourless oil lighter than 
water. It is a stronger base than aniline; its sulphate does 
not crystallize, and is soluble in ether. For oxidation, cf. 
B. 1902, 35, 703. 

Diphenylamine, NHPhg, crystallizes in colourless plates, 
melts at 54°, distils at 302°, and its solution in sulphuric acid 
yields an intense blue colour with a trace of nitric acid (deli- 
cate test). It is prepared by heating aniline and aniline hydro- 
chloride at 210-240°. The nitrosamine, NPhg-NO, forms 
yellow plates melting at 66-5°, and the acetyl-derivative, 
NPhg-CO-CHg, melts at 103°. Numerous nitro-derivatives 
are known, e,ff. [CeHo(N 02 ) 3 ] 2 NH, which is feebly acidic in 
properties; its ammonium salt is the dye aurantia. 

C. Tertiary Monamines 

These also are either purely aromatic (triarylamines) or 
mixed (alphyl-arylamines). 

Modes of Formation. — 1. The latter are formed when the 
primary or secondary bases are alkylated (cf. p. 400). Methyl 
bromide, iodide or sulphate are often used on the small scale, 
but on the manufacturing scale methyl alcohol and hydro- 
chloric acid under pressure. Primary and secondary amines 
can be removed by the action of ethyl chloroformate, which 
converts them into urethanes (p. 291), and the tertiary base 
then dissolved by means of dillite hydrochloric acid. 

A convenient laboratory method is that due to Noelting 
(B. 1891, 24, 563; J. C. S. 1904, 86, 236). The primary 
amine is heated on the water-bath with a slight excess of the 
alkyl iodide and sodium carbonate solution, and in many cases 
an almost theoretical yield of the tertiary amine is formed. 
Tertiary bases are also formed when the quaternary salts are 
strongly heated. 
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2. Triphenylamine, a purely aromatic base, is formed by 
the action of bromobenzene upon dipotassium-aniline: 

CeHfiNK^ + 2CeH,Br = + 2KBr. 

Behaviour, — 1. Unlike the alphy 1-ary lamines, the purely aro- 
matic tertiary amines are incapable of forming salts. 

2. They do not yield isonitriles with CHClg, isothiocyanates 
with CSg, or acyl derivatives with acid chlorides, but most of 
them yield quaternary compounds with methyl iodide. 

3. Nitrous acid reacts with the tertiary aromatic bases, 
yielding coloured nitroso-compounds which contain the NO- 
group linked to the benzene nucleus: 

CeH6.N(CH3)2 + NO.OH = NO.C3H4.N(CH3)2 + HgO 

j)*Nitroso-dimethyi-aniline. 

Such nitroso-derivatives are, in contradistinction to the 
nitrosamines already mentioned, converted into diamines on 
reduction, and when hydrolysed yield nitroso-phenols. 

4. The tertiary amines, when oxidized with hydrogen per- 
oxide, yield unstable oxides, e.g. dimethyl-phenylamine oxide, 
C^Hg-NMen:©, feebly basic compounds soluble in water, and 
decomposed at high temperatures. (Cf. Chap. XLVI, F.) 

5. Tertiary amines in which the three substituents are 
different, e,g, methyl-ethyl-aniline or benzyl-phenyl-hydrazine, 
do not exist in isomeric forms, and cannot be resolved into 
optically active components {Kipping and Salway, J. C. S. 1904, 
438; H, 0, Jones and Millington, C. C. 1904, 2, 952). Th^ 
centres of gravity of the nitrogen atom and of the three sub- 
stituents would therefore appear to lie in one plane. 

6. Tertiary amines containing a benzyl group are decom- 
posed by acetic anhydride, yielding benzyl acetate and the 
acetyl derivative of a secondary amine. 

Dimethyl-aniline, CgH 5 *N{CH 3 ) 2 , is an oil of sharp basic 
odour, solidifying in the cold ; its salts do not crystallize well. 
It combines with methyl iodide, even in the cold, to the com- 
pound N(OgHg)(CH 3 )gI, phenyFtrimethyl- ammonium iodide, 
which breaks up into its components when distilled. With 
nitrous acid it yields ;?-nitroso-dimethyl-aniline, which crys- 
tallizes in green plates, melting at 85°; the hydrochloride crys- 
tallizes in yellow needles. When oxidized with permanganate 
the nitroso-compound yields /^-nitro-dimethyl-aniline (m.-pt. 
162°), when reduced j?-amino-dimethyl-aniline, and when hy- 
drolysed with alkali jp-nitroso-phenol (p. 439) and dimethyl* 
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amine. (For condensations, cf. Malachite-green, Chap. XXX.) 
Bleaching-powder colours dimethyl-aniline only a pale-yellow. 
Dimethyl-aniline yields compounds of somewhat complex com- 
position with acid chlorides, aldehyde, &c. ; for example, tetra- 
methyl-diamino-benzophenone or, finally, methyl violet with 
carbonyl chloride; leuco-malachite green with benzoic alde- 
hyde, &c. Mild oxidizing agents, such as chloranil, convert it 
into methyl violet. Diethyl-aniline boils at 213°; its nitroso- 
derivative melts at 84°. 

Triphenyl-amine, NPhg, melts at 127°, and yields no salts. 
D. The Quaternary Bases 

correspond entirely with the quaternary bases of the fatty series. 
Trimethyl-phenyl-ammonium hydroxide, CgHe-N(CH3)g-OH, 
for instance, is a colourless, strongly alkaline, bitter substance 
which breaks up into dimethyl-aniline and methyl alcohol 
when heated. Most of the tertiary amines, however, which 
contain substituents in the two ortho-positions with respect 
to the alphylated NH^ group, are incapable of yielding quater- 
nary ammonium salts, e,g, 2:6- dibromode - methylaniline, 
CeHgBra.NMeg. {E. Fischer, B. 1900, 33 , 345, 1967). This 
is an example of steric retardation or inhibition (cf. p. 181). 

The readiness with which a given quaternary salt is formed 
depends to a large extent on {a) the order in which the 
radicals are introduced, {h) the nature of the alkyl haloid 
used, e.g, chloride bromide or iodide, the last reacting most 
readily, (c) the solvent (p. 1 09), and {d) temperature (cf. Wede^ 
kind, A. 1901, 318 , 90; Jones, B. A. Rep. 1904, 179). It has 
been found that in the preparation of phenyl-dimethylethyl 
ammonium iodide a 100-per-cent yield is obtained when 
methylethyl-aniline is combined with methyl iodide, but only 
a 15-per-cent when dimethyl-aniline is combined with ethyl 
iodide under similar conditions. 

The quaternary salts treated with sodium chloride give 
tertiary bases, CgH^ • NMegCl gives CgHgNMe^. 

All thequaternary compoundsso farmentioned have contained 
4 alkyl and 1 negative radical, e,g, OH^Cl, attached to nitrogen ; 
recently compounds of the type NE5 have been isolated by 
Schlenk (B. 1917, 60 , 274, 823), e.gr. NMe.-CHo-CgHg, a re& 
powder obtained from NMe^Cl and CgHg-CHgNa and hydro- 
lysed by water. 
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E. Diamines, Triamines, &c. 


Polyamino-derivatives may be obtained by reducing poly- 
nitro-hydrocarbons or nitro-amino-compounds, e.gr, 

C0H4(NO2)2 — ^ CjH 4(NH2)2 (phenyJene-diamine). 


The 0- and ^niiamines are best obtained from the o- and 
p-nitro-amino-compounds. Tetramino- benzene is formed in 
an analogous manner by reducing dinitro-m-diamino-benzene. 

A new amino-group can be introduced in the p-position 
into an arylamine, especially a secondary or tertiary, such as 
CgH 5 *N(CH 3 ) 2 , by first transforming the latter into an azo- 
dye {t.g, benzene-azo-dimethyl-aniline, C 3 H 5 'N:N«C 3 H 4 *NMe) 
by coupling it with benzene-diazonium chloride, and decom- 
posing this by reduction. (See the Azo-compounds.) 

Diamines are also formed by the reduction of the nitroso- 
con^ounds of tertiary amines; amino-dimethyl-aniline, NHj* 
C 3 H^«N(CH 3 ) 2 , from p-nitroso-dimethyl-aniline. 

The polyamines are solid compounds which crystallize in 
plates and distil unchanged, and are soluble in warm water. 
Though originally without colour, most of them quickly 
become brown in the air, their instability increasing with the 
number of amino-groups present. In accordance with the 
readiness with which they are oxidized, they frequently yield 
characteristic colorations with ferric chloride, e.g, a-phenylene- 
diamine a dark-red, and 1:2: 3-triamino-benzene a violet and 
then a brown colour. 

The three isomeric group of diamines differ materially in 
their behaviour: (a) Ortho-Famines. — 1. Ferric chloride yields 
a yellowish-red crystalline precipitate of diamino-phenazine 
hydrochloride with a solution of <?-phenylene-diamine. 

2. The mono-acyl compounds of the e>-diamines change into 
derivatives of imido-azole (A. 273 , 269), the so-called Benz- 
iminazoles'' or Anhydro-bases^\ through the formation of in- 
tramolecular anhydrides; thus o-nitracetanilide, when reduced 
with tin and hydrochloric acid, yields methyl-benziminazole 
or phenylene-ethenyl-amidine (A. 209 , 339): 




= C,H4<^>C.CH, + HA 


Compounds of this nature are also obtained by beating 
o-diamines with acids. 
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3. Glyoxal and many of the a-diketones yield quinoxaline 
and its derivatives with o-diamines: 

O NjHa b|C.R _ j^N:C-E 
NjHj ojc-R ^ IJn.-C-R, 

and the orketonic alcohols react in an analogous manner, e*g, 
benzoin yields dihydro-diphenyl-quinoxaline. 

4. Nitrous acid converts the enliamines into the so-called 
“ aziniino-compounds ”, compounds which contain three atoms 
of nitrogen, e,g. o-phenylene-diamine into azimido- benzene 

= imino-azo-phenylene, (B. 9, 219, 1624; 16, 

1878, 2196; 19, 1767). 

(b) Meta-diamino-bases. — 1. These form yellow-brown dyes 
with nitrous acid, even when only traces of the latter are 
present. (See Bismarck Brown, p. 426.) 

2. They yield azo-dyes with benzenediazonium chloride (see 
Chrysoidine, p. 426). 

3. With nitroso-dimethyl-aniline, or on oxidation together 
with para-diamines, blue colouring-matters (indamines) are ob- 
tained, and these when boiled yield red dyes (see Toluylene red). 

(c) Fara-diamino-compounds. — 1. When waimed with ferric 
chloride, or better, with MnOg + HgSO^, quinone, CgH402 (or 
a homologue), is formed, and may be recognized by its odour. 

2. By oxidizing para-diamines, containing one amino-group, 
together with a monamine or a meta-diamine, indamines are 
produced. 

AOYL DERIVATIVES OF ARYLAMINES. ANILIDES, &c. 

Practically all primary and secondary arylan? nes — but not 
tertiary — react with acids, or better, acid anhydrides or acid 
chlorides, yielding acyl derivatives, the most characteristic 
of which are the acetyl derivatives, e,g. CgH^-NH-CO-CHj, 
CH3.C0H4.NH. CO. CHg, (CoH5)2N.CO.CH8, &c. The acyl 
products formed from aniline are termed anilides (p. 394), e.g, 
acetanilide, benzanilide, oxanilide; they are really phenylated 
acid amides (see p. 189 et seq,), and as such may be hydrolysed, 
although not so readily as the amides, by means of acids or 
alkalis, to aniline and the corresponding acid. 

The dibasic acids like oxalic acid can give rise not merely 
to anilides, e.g. C0H5.NH.CO. CO. NH.C0H5, oxanilide, but 
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also to half anilides, the anilic acids, which correspond with 
the amic acids, e.g, oxanilic acid, C^H^NH • CO • CO • OH. 
These are monobasic acids, and can also be hydrolysed to 
their components. 

Similarly, the toluidines give rise to toluidides, e,g, acetolui- 
dide, CH 3 ‘C^H 4 -NH-C 0 «CH 3 , and the xylidines likewise give 
rise to xylidides, <fec. 

The acetyl derivatives are frequently used for the identi- 
fication of the various primary and secondary arylamines, 
since they crystallize well and have definite melting-points. 
As a rule, it is sufficient to mix the amine with a slight excess 
of acetic anhydride and warm for two minutes, and then to 
pour into water. After a short time the solid (or oily) acetyl 
derivative is obtained. 

Formanilide, CflH^-NH-CHrO, from aniline and formic 
acid, reacts as a tautomeric substance, and gives rise to two 
series of alkyl derivatives, one with alkyl attached to N, and 
the other with alkyl attached to O, the imino-ethers. 

Acetanilide, CgHg-NH-CO-CHg, is most conveniently pre- 
pared by boiling aniline with glacial acetic acid for twenty- 
four hours. It crystallizes in beautiful white prisms which are 
readily soluble in hot water or alcohol, less readily in ether 
and benzene. It melts at 115®, and boils at 304®. In the 
absence of water it can form a hydrochloride, C 7 H 9 ON, HCL 
Acetanilide is used, under the name of “ antifebrine ”, as a 
medicine in cases of fever. 

Thio-acetanilide, CjjHg-NH-CS'CHg, is formed when acet- 
anilide is heated with phosphorus pentasulphide, and from it 
imido-thio-compounds, amidines, <fee., can be prepared. Methyl- 
acetanilide, CgH 5 -N(CH 3 )(C 2 H 30 ), is used as a specific against 
headache. 

Oxanilide, C.H.-NH-CO CO-NH'CeHg, is obtained when 
aniline oxalate is heated at 160®~180®. It melts at 252®, boils 
without decomposition, and is best hydrolysed by fusion with 
potash. 

The half anilide, oxanilic acid, COOH-CO-NH^CgHg, is 
formed when aniline oxalate is heated at 130®-140®. It melts 
at 149®-150®, is soluble in hot water, has the properties of a 
monobasic acid, and with phosphorus pentachloride yields 
phenyl carbimide (phenyl isocyanate): 

C0H5.NH.CO.OH — CoHg.NH.CO.a — CoHo.NiCiO. 

Diacyl derivatives of aniline and its homologues are also 
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known, e,g, CgH 5 *N(CO«CH 8 ) 2 , diacetanilide. This is formed, 
together with acetanilide, when aniline is boiled for an hour 
with excess of acetic anhydride, or when the amine is heated 
to a high temperature with acetyl chloride. The two may be 
separated by fractional distillation under diminished pressure. 
The diacetanilide crystallizes in colourless prisms, melts at 
37°, and, unlike acetanilide, is readily soluble in benzene or light 
petroleum. On hydrolysis with dilute alkali, one acetyl group 
is split off more readily than the second. 

The presence of one or two substituents in the (^-position 
with respect to the amino-group of aniline facilitates the for- 
mation of diacetyl derivatives, e.g, o-toluidine yields a diacetyl 
derivative more readily than aniline, and s-tribrom-aniline 
yields a diacetyl derivative with the greatest readiness 
(J. 0. S. 1901, 633). 

In nearly all those compounds of the fatty series which 
are amino- or imino-derivatives of alcohols, acids, or hydroxy- 
acids, the unreplaced ammoniacal hydrogen can be substituted 
indirectly either wholly or partially by phenyl. The number 
of these phenylated (tolylated, xylylated, &c.) compounds is 
thus extremely large. Among them may be mentioned: 
Phenyl-glycocoll, nmylrglyciney CaHg-NH-CHg *00211, from 
chloracetic acid and aniline; phenyl-imino-butyric acid, CHg* 
C(:NCaH 5 )*CHo*C 02 H, from aniline and aceto*acetic ester; 
oaxbanilide or diphenyl-urea, CO(NHCgH 5 )^, from aniline and 
carbon oxychloride (cf. p. 289); phenyl isocyanate, phenyl 
carbitnide, COrN-CgHg, from COClg and fused aniline hydro- 
chloride, a sharp-smelling liquid exactly analogous to the iso- 
cyanic esters — its vapour gives rise to tears; phenyl isothio- 
cyanate, CoHgN'.CS (b.-pt. 222°), a liquid possessing all the 
characteristics of the mustard oils (p. 284); diphenyl thio- 
urea, CS(NHC 8 H 5 ) 2 , from aniline and carbon disulphide (forms 
glistening plates, melting at 164°; it is decomposed into phenyl 
isothiocyanate and aniline when hydrolysed with concentrated 
hydrochloric acid. 

PRIMARY AMINES WITH THE AMINO-GROUP IN THE 
SIDE CHAIN 

These compounds resemble the primary alphylamines much 
more closely than aniline. As an example, we have benzyl- 
amine, CflHg • CHg • NHg, the amine corresponding with 
benzyl alcohol; it is a colourless liquid which distils un- 
changed. The acetyl compound, C^Hg-CHg-NH *00*0118, 
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is formed by heating benzyl chloride, * 011201 , with acet- 
amide. Benzylamine is formed, together with di- and tri- 
benzylamines, by the action of alcoholic ammonia on benzyl 
chloride; it is also readily obtained by reducing the phenyl- 
hydrazone of benzaldehyde: 

CaHfi.CHrN.iNHCeHj 
S S2 ; S 

It may also be prepared from benzyl chloride and potassium 
phthalimide (cf. p. 493), or from the azoimide by reduction 
(Abs. 1913, i, 967). Its behaviour is entirely analogous to that 
of methylamine, as the phenyl derivative of which it is to be 
regarded It dissolves in water, and the solution thus formed 
is alkaline. Conductivity determinations show that it is about 
as strong a base as ammonia, and thus differs materially from 
aniline. It possesses all the characteristic properties of a primary 
amine, but as the NH 2 is attached to a side chain and not to 
the benzene nucleus it cannot be diazotized, and on treatment 
with nitrous acid it immediately yields benzyl alcohol 


XXII. DIAZO- AND AZO-COMPOUNDS; 
HYDEAZINES 

A. Diazo-compounds 

The primary arylamines differ characteristically from the 
primary alphylamines in their behaviour towards nitrous acid. 
The latter are converted into alcohols without the formation 
of intermediate products (cf. p. Ill); 

CaH5.NHa-t-NO.OH = CaHg.OH-f Na-l-HjO. 

The aromatic amines can undergo an analogous transfer 
mation; but if the temperature is kept suflSciently low, well- 
characterized intermediate products, the so-called diazo-com- 
pounds or diazonium salts, benzene-diazonium chloride, 
C^Hg.NgCl, are obtained, which are of especial interest both 
scientifically and technically (cf. Azo-dyes, p. 413). They were 
discovered by P. Orim in 1860, and were carefully investigated 
by him (A. 121, 267; 187,39). 

The diazo-compounds are usually divided into (1) the diazo- 

nium salts, e.g, ^qJ^N-N, compounds which are analogous 
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to ammonium salts; (2) the true diazo-compounds, which con- 
tain the grouping -NiN •. 

I. Diazonium Compounds. — The diazonium salts, as a rule, 
are not obtained in the solid state, as they themselves are of 
little commercial value, but are of importance as intermediate 
products in various decompositions. 

Solutions are usually prepared by the addition of an 
aqueous solution of sodium nitrite to a solution of the amine 
in an excess of the requisite acid {K Meyer), The essentials 
are — (1) The solution must be kept cool, at 0° or only a few 
degrees above, otherwise a phenol is formed and nitrogen 
evolved. (2) An excess of acid must be used, otherwise 
diazo-amino-compounds are formed. (3) As a rule, it is 
advisable not to use an excess of nitrous acid. This is 
avoided by testing for free nitrous acid by means of potassium 
iodide starch paper. 

This conversion of amino- into diazo-compounds is termed 
diazotizing 

The crystalline salts, e.g, benzene-diazonium chloride, may 
be obtained by adding concentrated hydrochloric acid to an 
alcoholic solution of aniline hydrochloride, and then amyl 
nitrite {Knoevenagel), They may also be obtained by the 
addition of alcohol and ether to their aqueous solutions. 

Constitution , — The NgX group can be attached to only one 
carbon atom of the benzene nucleus, since (1) when the salts 
undergo decomposition the products formed contain groups, 
e,g. Cl, OH, CN, &c., which are attached to a single carbon 
atom; (2) penta-substituted anilines, e.g, S 08 H*CLBr 4 *NHo, 
can be diazotized, hence Griess^ formulae, e,g, C 8 H 4 N 2 , HCl, 
where the diazo-radical replaces two hydrogen atoms of the 
nucleus, are untenable. 

For many years the constitutional formula given to these 
compounds was that suggested by KeJcuU, viz. CgHj-NiN-Cl, 
for the chloride; this represents them as analogous to the 
azo-compounds. This formula readily explains the reduction 
of the diazonium salts to hydr&zines, CgILNH'NHjj, and their 
conversion into azo-dyes, e.g, • N : N • CgH 40 H. Within the 

last few years a constitutional formula which was suggested by 
Blomstrand in 1875 has become generally accepted. This repre- 
sents the molecule of a diazonium salt as containing a quinque- 

C H • 

valent nitrogen atom, e.g. ® 0 |^N:N. The chief arguments 
\n favour of the Blomstrcmd formula are briefly: 
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1 . It indicates the resemblance between the diazonium and 
ammonium salts, as both thus contain quinquevalent nitrogen: 

®^>N:(CH,), and 


The resemblance between the two groups of compounds is 
marked. The diazonium salts are colourless crystalline com- 
pounds readily soluble in water; those derived from strong 
acids, e,g, the chlorides, nitrates, and sulphates, are neutral in 
solution, cf. NiLCl ; whereas those derived from feeble acids, 
carbonic acid, are partially hydrolysed in aqueous solution, 
and hence give an alkaline reaction, cf. NaXOg or (NH 4 ) 2 C 08 . 
In addition they form sparingly soluble platinichlorides, 
(CgH 5 N 2 ) 2 PtClg, and aurichlorides, ^H 5 N 2 AuCl 4 , comparable 
with the ammonium compounds. Ine aqueous solutions of 
the salts are ionized to much the same extent as the corre- 
sponding quaternary ammonium salts. This resemblance of 
the diazonium ions to the quaternary ammonium ions is 
further established by a comparison of migration values. 
The free base, benzene -diazonium hydroxide, corresponding 
with ammonium hydroxide, is obtained by the action of moist 
silver oxide on the chloride; it dissolves readily in water, 
yielding strongly alkaline solutions, but is very unstable, and 
gradually decomposes. When neutralized with acids, it yields 
the above-mentioned diazonium salts. 

2. The conversion of aniline and its homologues into diazo- 
nium salts is rendered somewhat more simple by such a for- 
mula ; 



2H,0 + qJ>N:N. 


3. The elimination of nitrogen and the formation of mono- 
substituted compounds, e.g, CgHg-OH, CgH^Br, &c., is readily 
explicable: 


Gain (J. C. S. 1907, 91, 1049) has suggested a new consti- 
tutional formula for diazonium salts, e.g. benzene-diazonium 
chloride, _ 

' :N-C1 
-N 


H 


It is claimed that the double linkage between nitrogen and a 
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carbon atom of the benzene nucleus is more in harmony with 
the readiness with which the nitrogen is eliminated from the 
molecule. It also accounts for the fact that in a ^Mliamine 
only one amino-group can be diazotized. 

Iteactions, — 1. The reaction characteristic of the diazonium 
salts is the readiness with which nitrogen is eliminated and 
monovalent groups introduced into the molecule in place of 
the N^X radical, and for this reason the diazonium compounds 
are frequently made use of in the laboratory for the prepara- 
tion of various substituted benzene derivatives. As examples 
of this type of reaction, we have — 

(а) Replacement of NjX by OH. — An aqueous solution of 
a diazonium salt, especially one containing sulphuric acid, 
evolves all its nitrogen in the form of gas vmen warmed, and 
a phenol is formed: 

= C,Hj.OH + Nj, + HC!l. 

This reaction, which is of very universal application, there- 
fore allows of the exchange of NHg for OH. The only excep- 
tions appear to be those salts containing numerous negative 
substituents in the benzene nucleus, C^HgBrg-NgCL 

For the effect of light on the decomposition of solutions 
of diazonium salts, see Orton^ Coates^ and Burdette P. 1905, 
168. 

(б) Replacement by H. — When diazonium-compounds, either 
in the solid state or dissolved in concentrated sulphuric acid, 
are heated to boiling with absolute alcohol, the diazo-group is 
generally replaced by hydrogen. In this reaction the alcohol 
gives up two hydrogen atoms, and is oxidized to aldehyde: 

“ C.H, + Ng + HCl. 

This affords a simple method for the replacement of NH- 

by H. 

Instead of this reaction, there occurs in many cases an ex- 
change of the diazo-group for the ethoxy-radical, O-CoHg, with 
the formation of ethyl ethers of phenols; thus from chlorinated 
toluidines ethyl ethers of chloro-cresols are formed, and not 
chloro-toluenes (B. 17, 2703; 22, Ref. 658; 34, 3337). 

Under certain conditions stannous chloride in alkaline solu- 
tion acts in an analogous manner (B. 22, Ref. 741), while 
under others it gives rise to hydiazines (p, 421). In like 
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manner NH, may be replaced by H, by first converting an 
amino-compound into a hydrazine, and then decomposing the 
latter with CUSO 4 (Baeyer^ B. 18, 89). 

(c) Replacement hy HcUogen — Sandmeyer^s Reaction, — When a 
diazonium-compound is warmed with a concentrated solution 
of cuprous chloride in hydrochloric acid, the diazo-group is 
replaced by chlorine {Sandmeyer, B. 17, 1633; 23, 1218, 1628; 
A. 272, 143). The same reaction takes place on distilling the 
diazonium platinichloride with soda, and sometimes on simply 
treating the diazo-compound itself with fuming hydrochloric 
acid, or with hydrochloric acid in presence of copper dust 
(Gattermarm): 

= CACI + Nj. 


Warming with cuprous bromide yields, in the same way, a 
bromo-derivative (Sandmeyer, B. 18, 1482), and treatment with 
hydriodic acid or potassium iodide an iodo-compound : 


SCaHc-No-CI + CunBrj = 2CaH5Br + CuoClo + Nj; 

CeHg.Ng-a + KI = CgHJ + KCl + Nj- 


The amino-group may further be exchanged for bromine by 
boiling the diazonium perbromides (see Benzene-diazonium per- 
bromide) with absolute alcohol. 

(d) Replacement hy -OK. — This is accomplished by adding 
the diazotized solution to a warm solution of potassium cuprous 
cyanide: 

CaH^.NjCl — CeHfiNaCN — CeH,.CN. 


This reaction is of importance, as the product obtained is a 
nitrile, and can be hydrolysed to an acid. 

a Phenyl sulphide is formed by the action of hydrogen 
ide on benzene-diazonium chloride (cf. B. 18, 1683); 
nitro-benzene is formed by the action of nitrous acid in 
presence of cuprous oxide; benzenesulphonic acid from sul- 
phurous acid; phenyl thiocyanate from thiocyanic acid; and 
phenyl cyanate from cyanic acid, &c. (cf. B. 23, 738, 1218, 
1464, 1628; 26, 1086; 26, 1996). 

(/) When oxidized in alkaline solution, benzene-diazonium 
hydroxide yields — together with other products — nitroso-ben- 
zene (p. 389), and much benzene-diazoio acid, C^H.^N^NO* 
OH, or its isomeride, phenyl - nitramine, C.Hj.NH.NO, 
(m.-pt. 46°; explodes at 98°) (see B. 26, 471; 27, 684, 915). 



ABACTIONS OB OUZONIUM SALTS 


413 


2. When a solution of a diazonium compound reacts with a 
primary or secondary amine, or when nitrous acid acts upon 
such an amine in the absence of free mineral acid, diazo 
amino-compounds are formed, and these readily change into 
amino-azo-compounds : 

CoH^.NjCl -f NHa.CoHfi = HCl + C^H^-NrN.NH.CaHj 

Diazo-amino-benzene. 


3. Azo-dyes. — The diazonium salts readily react with ter- 
tiary amines or with phenols, yielding derivatives of azo- 
benzene, e,g,i 

CeH^.N^a -f CeH,N(CH3), = HQ -h C3H,.N:N.CeH,.N(CH3), 

Bimethyl-amino-azobenzene. 

C,H4.Nja + CaH4.0H = HCl + CaH5.N:N.C,H4.0H 

Hydroxy-azobenzene. 


Such derivatives possess basic or acidic properties, are 
usually coloured yellow, red, or brown, and are known as 
azo-dyes. 

The formation of such an azo-dye is largely made use of as 
a test for a primary aromatic amine with the NHg in the 
nucleus. The amine is dissolved in acid, diazotized, and then 
mixed with an alkaline solution of a phenol (preferably 
/8-naphthol), when an orange-red dye is precipitated. The 
process is commonly spoken of as the “coupling” up ot a 
diazonium salt with an amine or a phenol. Phenolic ethers 
also couple with diazonium salts {Meyerimd Wertheimer ^ A. 1913, 
398, 66; B. 1914, 47, 1741; Anwers and Michaelk, ibid., 1275. 

4. The diazonium salts react in alkaline solution with com 
pounds containing the grouping •CHg^CO*, yielding azo-com 
pounds or phenylhydrazones, e,g , : 




Of. B. 1888, 21, 1697. For the azo or hydrazone constitution 
of such compounds, compare Auwers (Abstr. 1908, i, 477; 
1911, i, 168, 585). 

Benzene-diazonium perbromide, OgHc ^NgBr, Brg, is a dark- 
brown oil, solidifying to yellow crystalline plates, and is pre- 
pared by the addition of HBr or KBr and bromine water to 
diazonium salts. Two of its atoms of bromine are only loosely 
linked. Ammonia converts it into benzene-diazo-imiae, which 
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is to be regarded as the phenyl derivative of hydrazoic add: 

+ NHj -* N:N<§^« 

CeHj.NiNIN or C,H 5 .N<^ 

In accordance with this, dinitro-benzene-diazo-imide (from 
dinitro-aniline) is decomposed by alcoholic potash into dinitro- 
phenol and hydrazoic acid — a method of obtaining this latter 
substance by means of organic compounds (see p. 308). 

11. Diazo-compoimds. — These contain the grouping E*N: 
N«X, where R = an aryl radical and X an acid radical or 
OH or OK. When a benzene-diazonium salt is mixed with 
an excess of alkali, a potassium salt, normal potassium diazo- 
benzene oxide, CgHgNgOK, is precipitated. It crystallizes in 
white plates, and can be quantitatively converted into ben- 
zene-diazonium chloride; it yields ethers, and on oxidation 
gives nitroso-benzene and benzene-diazoic acid: 

C,Hs.N:N<gg or C,Hs.NH.NO,. 

The acid, C^HgNgOH, which corresponds with the potassium 
salt, is not known in a pure form. When the normal potas- 
sium salt is heated with concentrated potash at 130°-135°, it 
is transformed into potassium isodiazo-benzene oxide (Schraube 
and Schmidtj B. 1894, 27, 520). When this is acidified with 
acetic acid, the free hydroxide is obtained as a colourless oil 
which is very unstable. 

Similar normal and isopotassium derivatives have been ob- 
tained from other diazonium salts, and it has been found that 
the presence of negative radicals (Br, NOg) facilitates the for- 
mation of the iso-compound, — in fact to such an extent that 
certain diazonium salts, when added to an alkali, immediately 
yield the isodiazo-compounds. Considerable controversy has 
taken place regarding the constitutional formulae of these two 
groups of compounds. At one time the isodiazo-oxides were 
regarded as derivatives of phenyl-nitrosamine, viz. CgHg-NK* 
NO, and the normal compounds as true diazo-oxides, CgH^- 
N:N«OK, The researches of Hcmtzsch have proved that the 
two compounds are very similar as regards chemical properties. 
For example, both couple” with all^line solutions of phenols, 
yielding azo^yes (p. 413), but as a rule the normal more 
readily than the iso-compounds. Both compounds, on reduc- 
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tion with sodium amalgam in the presence of a large excess of 
alkali, yield phenyl-hydrazine, and both compounds, on oxi- 
dation in alkaline solution, yield potassium benzene-diazoate, 
CgHg-NrNO-OK. Similarly, both compounds yield the same 
benzoyl derivative by the SchoUen- Baumann method. Hantzsch 
draws the conclusion that the two compounds are structurally 
identical and stereo-isomeric. As the 7i-diazo-oxide can be syn- 
thesised by the action of hydroxylamine on nitroso-benzene in 
alkaline solution (B. 38, 2056): 

CgHfi-NiO-fHa-N-OH = HjO + CeH^-NiN-OH, 


it is probable that both normal and iso-compound are true 
diazo-derivatives, and that they are stereo-isomeric in much 
the same manner as the oximes (p. 144). According to 
Hantzsch^ the normal compound has the syn- and the iso- the 
OTi^i-configoration : 


71 or syn^ 


CeHfi-N 

KO-N’ 


iso or anti. 


N-OK, 


as the normal compounds evolve nitrogen very readily, whereas 
the iso-compounds are more stable. (Bar. 1894, 27 , 1702; 
1895, 28 , 676, 1734; 36 , 4054; 37 , 1084.) 

The isodiazo-oxides or diazotates can react as tautomeric 
compounds, viz. as nitrosamine derivatives, C^Hg-NK-NO, 
since the potassium salt yields an N-ether, CgHg-NEt-NO, 
whereas the silver salt yields an 0-ether, CgHj-NrN-OEt. 
Bamberger has suggested that the normal diazo-oxides may 
have a diazonium constitution C^H 5 -N(OK):N, whereas the 
iso-compound has the diazo-constitution CgH^-N:N*OK; but 
Hantzsch has pointed out that the diazonium hydroxides, 
from which the true diazonium salts are formed, must be 
extremely strong bases, and could not possibly therefore pos- 
sess sufficiently acidic properties to give rise to stable potas- 
sium salts which are only partially hydrolysed in aqueous 
solution. Certain diazo-hydroxides, R-Ng-OH, have been 
isolated as colourless solids with acidic properties ; the majority, 
however, are extremely unstable, and pass over into the 
isomeric nitrosamines R-NH-NO, yellow compounds with 
neutral properties (B. 36 , 2964; 36 , 4054; 37 , 1084). The 
effect of various solvents on this isomerisation has been studied 
by Bamberger and Baudisch (B. 1912, 46 , 2054). ^Nitro- 
phenyl-nitrosamine in ether or alcohol has the diazo structure, 
but in chloroform the nitrosamine formula. 
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Corresponding with the normal and iso<liazotates, Hantzsch 
has discovered two groups of sulphonates and of cyanides, 
which he also regards as being stereo-isomeric in the same 
sense, viz. syn and anti. 

In the case of ^-anisidine, evidence of the existence of three 
isomeric diazo-cyanides has been obtained. The one is colour- 
less and is an electrolyte, and hence is regarded as the diazo- 
nium salt, OMe*CgH 4 *N(CN):N; the other two are reddish- 
coloured solids and non-electrolytes. The syw-compound is 
unstable, and melts at 61°; it gradually passes over into the 
more stable aw^i-compound, which melts at 121°. It is probable 
that when a syn diazo-cyanide is dissolved in water it is largely 
transformed into the ionized diazonium cyanide : 


R-N 

NO-N 


R^N 

N 


+ CN. 


Diazonium salts, TMiiazotates and the labile diazo-sulphonates 
react with sodium arsenite or a mixture of KCN and NaHS in 
such a manner that the NoX group is replaced by hydrogen, 
whereas iso-diazotates, stable diazo-sulphonates, azo- and azoxy- 
compounds do not react {Gutmann^ B. 1912, 45, 821). 

Compare also Armstrong and Bobertson, J. C. S. 1906, 1280; 
Hantzsch^ P. 1906, 287. For summaries see B. A. Rep. 1902, 
181 {0, T, Morgan)^ and Ahrens Sammiungy 1902, 8, pp, 1-82 
{Hantzsch), 

B. Diazo-amino-compounds 


The diazo-amino-compounds are pale-yellow crystalline sub- 
stances which are stable in the air, and do not combine with 
acids. They are obtained by the action of a primary or 
secondary amine on a diazonium salt, and also when nitrous 
acid reacts with a free primary aromatic amine instead of with 
its hydrochloride, probably: 


CeH^Na + OrN-OH = CeHj.NiN.QH -f H,0 and 
CeH5.N:N.OH + CANH, = CaH^.NiN.NHCeHj + HjO. 


Diazo-amino compounds have been synthesised by the action 
of Orignard compounds on alkyl or acyl derivatives of hydra- 
zoic acid, and decomposing the products with water: 

RNo-f R'Mgl — RN(MgI).N:NR' 
RN(MgI).N:NR' + H3,0 R-NH-N.-N-R -f Mgl-OH 

{n thi& manner not merely aromatic but alphyl-aryl 
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compounds of the types C^Hj-NH-NiN-GHj and CgHg-CHg* 
NH • N : N • CHg have been prepared. 

Beadims. — 1. They are not bases, and hence do not form 
salts with acids. 

2. They behave in much the same way as the diazo-com- 
pounds, since they are usually decomposed in the first instance 
into their components, a diazonium salt and an amine, the 
former then entering into reaction. Thus diazo-amino-ben- 
zene, for example, yields phenol and aniline when boiled 
with water or hydrochloric acid, while with hydrobromic 
acid it gives bromobenzene and aniline. These reactions 
are easy to recognize from the accompanying evolution of 
nitrogen. 

3. By the renewed action of nitrous acid in acid solution 
they are completely transformed into diazonium salts : 

CeHfi.Nj.NH.CeHg + NOjH-f 2Ha = 2CeH5.Nj.Cl + 2H2O. 

4. Most of them readily undergo molecular transformation 
into the isomeric amino-azo-compounds (JCehiU ) : 

)>H — 

This molecular rearrangement takes place most readilv in 
presence of an amine hydrochloride, which acts as a catalytic 
agent. The amino-group always takes up the para -position 
with regard to the azo-group (-NiN*) if this is free. If, how- 
ever, this is already substituted, as in the diazo-amino-com- 
pound from j)-toluidine, then the transformation occurs much 
more slowly, and the NHg takes up the o-position with respect 
to the 'NrN* group. The velocity of transformation has been 
investigated by H. Goldschmidt, and the reaction has been 
shown to be unimolecular. Only a relatively small amount 
of aniline salt is required, and the velocity is proportional to 
the strength of the acid, the aniline salt of which is used (B. 
1896, 29, 1899). For similar “transfoi-mations, see Benzidene 
(p. 4191 and Azoxy-benzene 

5. The imino- hydrogen of the diazo-amino-compounds is 
replaceable by metallic radicals, and also by acyl groups. 

Constitution . — By the action of benzene-diazonium chloride upon 
p-toluidine, “diazo-benzene-p-toluidide” is formed, and would 
appear to possess the formula: C5H5 • N : N • NH • C7H7 (I). 

But the same compound is also obtained from a mixture 
of p-toluene-diazonium chloride and aniline, a reaction which 

15 



418 


XXII. DIAZO- AND AZOOOMPOUNDS 


would indicate the constitution: CgHg-NH-NiN-O^H^ (II). 

It is all the more difficult to decide which of these two 
formulsB is the right one, from the fact that most of those 
“ mixed diazo-amido-compounds ” react as if they had both of 
the above constitutions. Thus, when the compound just men- 
tioned is boiled with dilute sulphuric acid, it yields not only 
phenol and p-toluidine (according to I), but also aniline and 
^cresol (according to II). Such diazo-amino-compounds are 
thus typical tautomeric substances. (Cf. e,g. B. 19, 3239 ; 20, 
3004; 21, 548, 1016, 2557; J. C. S. 1889, 65, 412, 610, &c.) 

Diazo-amino-benzene, OgH. • N : N • NHCgH^ {Grim\ is 
usually prepared by adding NaNOg (1 mol.) to the solution 
of aniline (2 mols.) in HCl (3 mols.), and saturating with 
sodium acetate (B. 1884, 17, 641; 1886, 19, 1952). It crystal- 
lizes in bright-yellow lustrous plates or prisms, is insoluble in 
water, but readily soluble in hot alcohol, ether, and benzene, 
melts at 98°, and is far more stable than the diazo-compounds. 

When certain ^iamines, e,g. o-nitro-^-phenylenediamine, 
are diazotized with liquid nitrous anhydride, diazoimines, e.g. 



are formed, and these yield stable acetyl derivatives {Morgan 
and others, J. 0. S. 1917, 111, 187; 1918, 113, 588). 

C. Azo-compounds, and Compounds intermediate 
between the Nitro- and Amino-compounds 

While the reduction of nitro-compounds in acid solution leads 
to the aromatic amines, the use of alkaline reducing agents, 
such as sodium amalgam, zinc dust and caustic soda, and also 
potash and alcohol, gives rise for the most part to intermediate 
products, the azoxy-, azo-, and hydrazo-compounds : 

H5 

Hydrazo - benzene, CgHgNH • NHC^Hg, and Aniline, C0H5«NH2; 
and reduction in neutral solution yields phenyl-hydroxyl- 
amines, OgHg-NH'OH. 

1. AZOXY-OOMPOUNDS 

The azoxy-compounds are mostly yellow or red ciystalline 
substances which are obtained by the action of alcoholic 


C.H,.NOa C,Hg.N:N<;®„ CeH5-N:N-C« 
Nitro-benzene . , Azo-benzene 

Azoxy-benzene 
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potash, and especially of potassium methoxide (B. 16, 866), 
upon the nitro-compounds. Many of them may also be 
obtained by the oxidation of azo-compounds. They are neutral, 
and are very readily reduced to azo-compounds. 

Azoxy - benzene, (CgH5)2N20 (Zinin\ forms pale -yellow 
needles melting at 36°, is insoluble in water, but dis- 
solves readily in alcohol and ether. Concentrated sulphuric 
acid transforms it into the isomeric ®-hydroxy-azo-henzene, 
CeH,N:N.CgH4-OH. 

PhN\ 

For a number of years the sym. structure 


accepted. Angelas demonstration of the formation of two 
isomeric azoxy-compounds from an unsym, azo- compound 
renders such a formula untenable. 


CeH6-N:N.CeH4Br 


^ CgHfi . N( : O) : N . CgH^Br. 
>*^CeHfi-N:N(:0).CeH4Br. 


For confirmation cf. Robinson (J. C. S. 1917, 111, 111), who 
shows that one nitro-group can bo introduced quite readily 
into azoxy-veratrole, but that the introduction of a second 
can only be accomplished with difficulty. 


2. HYDRAZO-COMPOUNDS 

These are colourless crystalline neutral compounds, and, 
like the azo-compounds, cannot be volatilized without decom- 
position; e.g, hydrazo-benzene decomposes into azo-benzene 
and aniline when heated. They are obtained by the reduction 
of azo-compounds with ammonium sulphide or zinc dust and 
alkali, or by sodium hyposulphite. Oxidizing agents, such as 
ferric chloride, readily transform them into azo-compounds, a 
reaction which also occurs when the hydrazo-compounds are 
exposed to the air. Stronger reducing agents, e,g, sodium 
amalgam, convert them into amino-compounds. 

Strong acids cause them to change into the isomeric deriv- 
atives of diphenyl (Chap. XX^II); thus from hydrazo-benzene 
and hydrochloric acid we obtain benzidine hydrochloride (the 
hydrocloride of ^'-diamino-diphenyl): 

<( ^NH 2m<( )> -»> 

This rearrangement is typical, and is often observed in the 
case of aromatic compounds. It may be regarded as the 



420 


XXII. DIAZO- AND AZO-COMPOUNDS 


shifting or wandering of a radical — in this case the relatively 
complex CgHg'NH — from attachment to the side chain to 
direct attachment to the benzene nucleus, or, in other words, 
the NH«C^H^ group exchanges place with the hydrogen atom 
in the ^position in the nucleus : 



The operation is repeated, 



NH, 


•<cz>~<cz> 




and ^'-diamino-diphenyl, benzidine, is formed. 

Another method of representing the change is by assuming 
the addition of HCl to the hydrazo-benzene and its resolution 
into CeH^.NHg and CoH^-NHCl. Then CeH,.NHCl 

— ► NHi and this with aniline ^ NH 10004 ^^^ tj t^tt 

(A. 1916, 412, 14.) 


Other well-known examples of this are the transformation of 
methyl-aniline or dimethyl-aniline into o-toluidine and xylidene, 
and ultimately into mesidine {Hofmann, p. 392); the transforma- 
tion of N-brominated amines or anilides, e,g, CgH^-NBr -COCHg 
into O 0 H 4 Br*NH*COCH 8 (CAatow^ayand Orton, p. 395), of dia- 
cetylated amines, C 0 He*N(COCH 3 ) 2 , into ketonic substances, 
CH8*CO.O0H4.NH.CO.CH3((7Aatoway, J.C.S. 1904, 386, 589, 
1663), of pheny 1-hydroxy lamine into p-amino-phenol (p. 422), 
and of diazo-amino-benzene into amino-azo-benzene (p. 415). 

This molecular rearrangement does not take place if the 
hydrogen which occupies the para-position to the imino-group 
is replaced by other groups. In such cases a partial re- 
arrangement only occurs, and derivatives of diphenylamine 
are formed (B. 26, 992, 1013, 1019); thus p-hydrazo-toluene, 
CHg • CgH. • NH • NH • C 0 H 4 • CHo, yields o-amino-di-^tolylamine, 
CH 8 .CeH 4 .NH.C 0 H 3 (OH 3 ).NH 2 . {GlJacohson, B. 1893,26, 
700; 1898, 81, 890; A. 1895, 287, 98.) 
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Hydrazo-benzene, synu-Diphenyl-hydraziney C^Hg-NH-NH- 
C^Hg (Hofmann), forms colourless plates of camphor-like 
odour, which are only slightly soluble in water, but dissolve 
readily in alcohol and ether; m.-pt. 131°. The imino-hydrogen 
atoms are replaceable by acetyl- or nitroso-groups. 

When kept it undergoes spontaneous decomposition into a 
mixture of azo-benzene and aniline. 

A group of compounds allied to the hydrazo-derivatives has 
been recently described by Schlenk (B. 1917, 60, 276), e.g, 
di-jo-tolylammo-tetramethylanunonium, NMe 4 *N(C 7 Hy) 2 , which 
forms greenish-yellow crystals from pyridine. It is formed 
from IsMe^Cl and (C 7 Hy) 2 NK, is oxidized by the air, and is 
hydrolysed by water to ditolylamine and NMe^-OH. Its 
pyridine solution is an electrolyte. 

3. AZO-COMPOUNDS 

The azo-compounds are red or yellowish-red, crystalline, 
neutral substances, insoluble in water, but soluble in alcohol; 
some of them may be distilled without change. Azo-benzene 
itself (benzene-azo-benzene, CgHg-NrN-CgHg) crystallizes in 
large red plates, melts at 68°, and distils at 293°. Oxidizing 
agents convert them into azoxy-, and reducing agents, eg. 
phenylhydrazine in the cold, into hydrazo- or amino-compounds. 
Chlorine and bromine act as substituents. 

The so-called “ mixed azo-compounds, which contain both 
an alphyl and an aryl radical, are also known, e.g. azo-phenyl- 
ethyl, CqH 5 «N:N«C 2 H 5 , a bright-yellow oil (B. 1897, 30, 793). 

Modes of Formation. — 1. By the cautious reduction of nitro- 
or azoxy-compounds, e.g. by means of sodium amalgam or of 
an alkaline solution of stannous oxide (B. 18, 291 2^ 2. By 

distilling azoxy-benzene with iron filings. 3. By the oxidation 
of hydrazo-benzene. 4. By the oxidation of amino-compounds, 
e.g. together with azoxy-compounds by means of KMn 04 : 

2CoHg.NH2H-20 = CloHg.N:N.CeHg-t-2H20. 

6. By the action of nitroso- upon amino-compounds in pre- 
sence of acetic acid. In this way azo-benzene is obtained from 
nitroso-benzene and aniline acetate : 

CeHg.NO-FNHg.CeHg = 

Amino- and hydroxy-derivatives of azo-benzenes are known, 
thus: — 

CflHg-NrN-CeH^-NHj CoHg.N:N.C6H4.0H 

Amlno-azo-benzene Hydroxy-azo*benzene. 
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The former are at the same time bases and azo-compounds, 
and the latter azo-compounds and phenols (i,e, weak acids). 
(Cf. Azo-dyes, p. 424.) 

jS-Phenyl-hydroxylamine, C^Hg^NH-OH, is formed when 
nitro-benzene is reduced with zinc dust and water, more 
especially in the presence of a mineral salt, e,ff, CaClg. It is 
a colourless crystalline substance melting at ST, and is 
relatively unstable. Aqueous solutions rapidly undergo oxi- 
dation on exposure to the air, yielding azoxy-benzene ; oxidiz- 
ing agents generally yield nitroso-benzene. Mineral acids 
immediately cause molecular rearrangement into jt?-amino- 
phenol, NHg-CgH^-OH (cf. p. 419). All the arylated jS-hy- 
droxylamines corresponding with phenyl-hydroxylamine reduce 
Fehllng^s solution, and this affords a test for an aromatic nitro- 
compound. If, after warming with water and zinc dust, a solu- 
tion is obtained which reduces Fehling^s solution, the presence 
of a nitro-group in the original compound can be inferred. 

D. Hydrazines 

The aromatic hydrazines (E, Fischer) entirely correspond 
with those of the fatty series (cf. p. 115). 

Phenyl-hydrazine, CgHg^NH-NHg, 5-diphenyl-hydrazine or 
hydrazo-benzene, CgH. • NH • NH • CgHg ; unsym. -diphenyl- 
hydrazine, (CftHc) 9 N • NHo, and phenylmethyl - hydrazine, 
(6^,){C±,WMI are all known. ^ 

Phenyl-hydrazine, CgHg-NH-NHg, forms a colourless crys- 
talline mass, melting at 23° to a colourless oil, which quickly 
becomes brown from oxidation, and which is best distilled 
under reduced pressure. When kept or when heated it under- 
goes slow decomposition {Chattaway), It forms salts with 
mineral acids, e,g, the hydrochloride, CgHgNgHg, HCl (plates). 
Like all hydrazines, it has strong reducing power, reducing 
Fehling^s solution even in the cold. It is readily destroyed by 
oxidation {Chattaway, C. N. 1911, 103 , 217), but is stable to- 
wards mild reducing agents. ^Energetic reducing agents con- 
vert it into aniline and ammonia. Gentle oxidation of the 
sulphate by means of HgO converts it into benzene-diazonium 
sulphate. It is prepared: (a) by reducing benzene-diazonium 
chloride with the calculated quantity of SnClg and HCl: 

CeHgNgCl -h 4H = CeHg.NH.NHg, HCl; 

(b) by reducing potassium diazo-benzene-sulphonate, CgHg» 
NiN-SOgK (from CgHgNgCl and KgSOg), with zinc dust and 
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acetic acid to potassium phenyl-hydrazine-sulphonate, 
NH-NH'SOgiC which is then hydrolysed to phenyl-hydrazine 
and sulphuric acid: 

CflHa-NH.NH.SOaK -|- HCl HaO = CeH*-NH.NHa, HCl + KHSO4. 


Alkyl and acyl derivatives of phenyl-hydrazine are known; 
the former (mono-alkylated derivatives only) are obtained by 
the action of alkyl iodides on the base or its metallic deriva- 
tives. Phenyl-methyl-hydrazine, which can be obtained in 
this way, is largely used for differentiating ketoses and aldoses 
(p. 312); its constitution follows from its formation by the 

C H 

reduction of nitroso-methy 1-aniline, qIj ^^N*N0. Both mono- 

and diacyl derivatives arc known. The mono-acyl derivatives 
or hydrazides (cf. Amides, Anilides) are obtained by the 
action of the acid or acid anhydrides on the base; they give 
a violet-red coloration with sulphuric acid and dichromate of 
potash, and can bo used for isolating acids which are readily 
soluble (B. 22, 2728), e.g. acetylphenyl-hydrazide, CgH.-NH* 
NH.CO.CH 3 ; m.-pt. 128". 

The base is an important and often an exceedingly delicate 
reagent for aldehydes and ketones, combining with them to 
hydrazones, with elimination of water (cf. pp. 133 and 141). 
Most of these compounds are solid and crystalline, and are 
therefore eminently suited for the recognition of aldehydes 
and ketones. With certain sugars it yields phenyl-hydrazones, 
but with an excess of the base, osazones (p. 311) are formed. 
Diketones, keto-aldehydes, &c., also yield osazones. 

With ethyl aceto-acetate, phenyl-hydrazine forms pyrazole 
derivatives, e.g, phenyl-methyl-pyrazolone, the methyl deriva- 
tive of which is antipyrine (see p. 238). 

Diphenyl-hydrazine, (CgH5)2N.NHo, is an oily base which 
boils without decomposition, and, like phenyl-hydrazine, is 
easily oxidized; it only reduces Fehling's solution, however, 
when warmed. It is obtained by reducing diphenyl-nitros- 
amine, (C^^H^gN-NO, with zinc dust and acetic acid. M.-pt. 
34". Like phenyl-hydrazine, it yields characteristic hydra- 
zones and osazones with the sugars. 

jo-Bromo-phenyl-hydrazine, CgH4Br.NH.NH2, and p-nitro- 
phenyl-hydrazine are often used in isolating carbonyl com- 
pounds, as the hydrazones crystallize well (B. 1899, 32, 1806). 

Bis (methyl-hydrazine-phenyl) methane, CH2(CgH4.NMe* 
NH 2 ) 2 , is recommended as a reagent for characterizing aide- 
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hydes, as it reacts only slowly with ketones, with the exception 
of a-ke tonic acids. {Braun, B. 1908, 41 , 2169; Harries, Abs. 
1917, i, 210.) 

For relative rates of reduction of methylated phenyl- 
hydrazines, cf. J. pr., 1918, 97 , 61, 336. 

Ditertiary-hydrazines, R 2 N-NRo, are formed by the oxida- 
tion of secondary amines with lead dioxide. Many of them 
dissolve in benzene, giving coloured solutions, which it is 
presumed contain free radicals, :NR, together with tertiary 
amines, NRg. The existence of the free radical is supported 
by the fact that when kept for some time the chief products 
are tertiary amines and azo-derivatives, RN:NR. Tri-phenyl- 
hydrazine in boiling xylene gives diphenylamine and NPh, 
which polymerizes to azo-benzene {fFieland). The spontaneous 
decomposition of hydrazo-benzene (p. 420) into aniline and 
azo-benzene is a unimolecular reaction, and probably consists in 
the dissociation into aniline and :NPh and the polymerization 
of the latter to azo-benzene {Stieglitz and Curme, B. 1913, 46 , 
911; cf. fFieland, ibid. 1915, 48 , 1094). 

E. Azo-dyes 

A number of compounds derived from azo-benzene and its 
homologues are largely used as dyes, under the name of azo- 
dyes. These compounds are either basic and contain NHg or 
N(CHg )2 groups, or are acidic and then contain either phenolic, 
OH, or sulphonic, SOg-OH, and phenolic groups. Azo-benzene 
itself is a highly-coloured substance, but is not a dye. In 
order that a coloured substance shall be a dye, it is essential 
that the colour it imparts to a fabric shall not be removed by 
washing or treatment with soap. According to 0. Witt, when 
certain characteristic groups known as chromophores, among 
which are •N:N and NOj, are present, the compound is 
coloured or is a chromogene; and when, in addition to the 
chromophore, a strongly basic {e.g. NHo) or acidic group {e.g. 
• OH or -SOg-OH) is also preset, we obtain a dye, e.g.x 

Ghromogenes. Dyes. 

Nitro-benzene Nitraniline, N02*CoH4/NHa; 

Nitro-benzene Picric acid, (N02)8*CeHa*0H ; 

Azo-benzene p-Hydroxy-azo-ben zen e, • N : N • OH, 

The majority of dyes, when reduced, yield colourless com- 
pounds — leuco-compounds — which on oxidation are converted 
into the original dyes. 

With regard to the theory of the process of dyeing fabrics, 
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there are still two distinct schools. According to one, the process 
consists in the formation of definite compounds of the basic or 
acidic dye with acidic or basic constituents of the fabric dyed. 
According to the other, the operation is largely a physical one, 
and the dyed fabric may be regarded as a solid scdution. 

In most cases, silk and woollen — and in a few cases cotton — 
fabrics can be dyed by direct immersion in a solution of the 
dye ; but, as a rule, cotton will not dye directly, but requires 
previous treatment with a mordant. The object of the mor- 
dant is to deposit some substance on the fabric which will 
afterwards combine with or fix the dye. The chief mordants 
employed for acid dyes are the feeble bases aluminic, chromic, 
or ferric hydroxides, obtained by immersing the fabric in a 
solution of the metallic acetate, and then subjecting to the 
action of steam. The product formed by the action of the 
dye on the mordant is known as a lake, and the same dye can 
give rise to different-coloured lakes, according to the mordant 
used. When basic dyes are employed for cotton goods, the 
fabric is usually mordanted with tannic acid. Stannic hy- 
droxide obtained from such a salt as SnCli, 2NH4CI is also 
used as a mordant. 

j9-Amino*azo-benzene is the parent substance of the dyes 
known as chrysoidines. It may be obtained (1) by nitrating 
azo-benzene and then reducing (this indicates its constitution 
as an amino-derivative of azo-benzene); (2) by molecular re- 
arrangement of diazo-amino-benzene (p. 417); 

gives NHa.CaH 4 .N:N.CaHa, 


another example of the wandering of a radical from a side 
chain into the benzene nucleus. The amino-group occupies 
the p-position with respect to the azo-group. 

Substituted amino-azo-benzenes, e.g, dimethyl-amino-azo- 
benzene, are obtained directly by the action of a diazonium 
salt on a tertiary amine: • 

CaHaNaa + H.CeH4.N(CH3)3 = CeHa-N:N.CeH4.N(CH3),.f HO. 


Assuming the Blomstrand formula for the diazonium salt, 
the reaction is probably first additive, and then HCl is 
eliminated: 


p H ^ CeH4-N:N.CeH4.N(CH3), 
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The azo-group always takes up the ^position with respect 
to the substituted amino-group if this position is free. If, 
Lowever, the jo-position is already substituted, a dye is not 
formed, or is formed very incompletely, and the (^-position is 
taken up. 

The chrysoidines are coloured yellow to brown, and, as they 
contain amino- or substituted amino-groups in the molecule, 
are basic, and form well-defined salts with mineral acids. 

Among the simplest chrysoidines we have : — 

Aniline yellow, the hydrochloride of ^-amino-azo-benzene. 
It is now very little used. 

Chrysoidine, or 2A-diaminO‘azobenzene hydrochloride, 
N:N.C«H8(NH2)2,HC1[N2-(NH2)2 = 1:2:4]. Itdyes silkand 
wool directly an orange-red colour. 

Bismarck brown, or 3' :2:4:4riami7io-azo-benzene hydrochloride, 
N Hg* 0^114 •N:N-CgH3(NH2)2,HCl, is obtained by diazotizing 
?w-phenylenediamine and coupling the tetrazonium salt with 
two more molecules of the base. 

The brown coloration obtained by the addition of a few 
drops of dilute nitrous acid solution to m-phenylenediamine 
is due to the formation of Bismarck brown or a related sub- 
stance. The hydrochloride crystallizes in reddish - brown 
plates. 

Many of the chrysoidine dyes are sulphonated derivatives 
of aminoazo-benzene. As an example, we have methyl orange, 
which is the sodium salt of helianthine or j9-dimethamino-azo- 
benzene-^-sulphonic acid, (CH8)2N • CgH4 • N : N • SOg • OH. 

It is largely made use of as an indicator in volumetnc analysis, 
as it is not aflfected by weak acids, e.g, carbonic, but is an ex- 
tremely delicate reagent for the feeblest alkalis. 

The dyes known as tropsBolines are derivatives of jp-hydroxv- 
azo-benzene. Such compounds are obtained by adding the cold 
diazotized solution to an alkaline solution of a phenol. The 
dye is then salted out by the addition of sodium chloride and 
collected. The reaction is often made use of in testing for a 
primary aromatic amine (p. 413),^ as the precipitates produced 
are usually coloured bright red. The azo-group invariably 
occupies the p-positior with respect to the OH group, unless 
this is already substituted. 

p-Hydro^-azo-benzene crystallizes in brick-red prisms, and 
is a yellowish-red dye. 

Besorcin yellow, 0H*S02-C8H.*N:N-C8H«(0H)2, 2:4-d*- 
hydroxy-aao-benzene-i'-mlphojiic acid, obtained by coupling a 
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diazotized solution of sulphanilic acid with an alkaline solu- 
tion of resorcinol, is known as Tropaeolin 0. 

The constitution of an azo-dye can usually be determined by 
an examination of its decomposition products, especially the 
products formed by energetic reduction ; e.g, Bismarck brown, 
on reduction with tin and hydrochloric acid, yields a mixture 
of 1: 3-diamino- and l:2:4-triamino-benzene: 



Bis-azo-dyes. — Certain well-known dyes, e.g. Biebrich scarlet, 
contain two azo-^roups. Such can be obtained by diazotizing 
an amino-derivative of azo-benzene, and then coupling it with 
a tertiary amine or with a phenol, and we thus obtain com- 
pounds of the type C^H 5 .N:N.CeH..N:N.CeH.. 0 H. 

Another type of bis-azo-compouna is formed oy coupling a 
diamine or dihydric phenol with 2 mols. of a diazonium salt. 

Many amino- and hydroxy-azo-derivatives react as tauto- 
meric substances, especially those which contain an NHj oi 
OH group in the ortho - position with respect to the Ng 
radical. These react as though they were quinone hydra- 
zones or quinone-imide derivatives, e,g.\ 


CeH..N:N.CeH4.0H 


CeH^NH.NrCoH^^iO, 

C6H,.NH.N:CeH4:NH. 


For a general summary compare Auwers (A. 1908, 360 , 11), 
and Smith and Mitchell (J. C. S. 1908, 93 , 842; 1909, 96 , 
1430). The general conclusion drawn is that all the com- 
pounds, both para and ortho, are true hydroxy-azo-compounds. 

According to Hantzsch, many of the hydroxy-azo-compounds 
are pseudo-acids (p. 387), ie. the hydrogen compound is the 
quinone hydrazone; but in the formation of a salt, intra- 
molecular rearrangement occurs, e.g,: 


CaH6-NH-N:CeH4:0 CeH5.N:N-CaH4-ONa. 
For further types of azo-dyes cf. Chap. LV. 


F. Phosphorus Compounds, &c.; Organo-Metallic 
Derivatives 

The phosphorus, &c., compounds of the fatty series have 
their analogues in corresponding compounds of the aromatic; 
these latter have been investigated by Michaelis and his 
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pupils (A. 181 , 188 , 201 , 212 , and 229 ; B. 28 , 2206): for 
instance, phenyl phosphine, CgHg-PH^; phenyl phosphinic 
acid, CeH 5 PO(OH)o; phosphenyl chloride, CgHs-PCln; phos- 
phino-benzene, C.figPOg; and phospho-benzene, CgH^PiP- 
CgHg (these two last being analogous to nitro- and to azo- 
benzene). Some of those compounds are solid, and they are 
less volatile and more stable than the corresponding aliphatic 
compounds. For important arsenic compounds see Chap. LV. 

Aromatic Organo - Metallic Compounds. — Mercury, tin, 
lead, tellurium, and magnesium yield phenyl derivatives. 
Mercury phenyl, Hg(CgI^) 2 , is obtained by the action of 
sodium amalgam of bromobenzene. It is relatively stable. 
Numerous compounds of the type of phenyl magnesium 
bromide, C(jH 5 -Mg-Br, have been prepared, and are used as 
synthetical reagents (cf. p. 380). For general discussion on 
organo-metallic compounds, cf. Zeltner^ J. pr., 1908, 77, 393. 
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The aromatic sulphonic acids are very similar in properties 
to the sulphonic acids of the fatty series, but can be obtained 
much mote readily. One of the characteristic properties of 
benzene and its derivatives is the readiness with which they 
react with concentrated sulphuric acid, yielding sulphonic 
acids. In some cases fuming sulphuric acid is used; in others 
sulphuryl chloride, OH-SOg-Cl. 

Benzene-sulphonic acid, CgH^-SOg-OH {Mitscherlich, 1834), 
is formed when benzene is heated with concentrated sulphuric 
acid for some hours : 

CeHo + S02(OH)a = CeH,.S02.0H + HaO. 

As in the case of ethyl hydrogen sulphate, advantage is 
taken of the solubility of its barium, calcium, or lead salt to 
separate it from the excess of sulphuric acid; or its sodium 
salt is separated by the addition of sodium chloride. 

It crystallizes in small plates containing IJHgO, deliquesces 
in the air, and is readily soluble in alcohol. The barium salt 
crystallizes in glistening mother-of-pearl plates containing 1H<,0. 

It is very stable, and is not hydrolysed when boiled with 
alkalis or acids (cf. Ethyl hydrogen sulphate). It is, howevoi^ 
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decomposed into benzene and sulphuric acid when heated with 
hydrochloric acid at 150®, or with water vapour at a high 
temperature (cf. p. 371): 

C«H,.S02-0H + H20 = CeHo + SO^COHV 

When fused with alkali, it yields phenol in the form of its 
potassium salt: 

CflHfi.SOgK + 2KOH =« CeH^-OK + SOsK, + HgO, 

and when distilled with potassium cyanide, it yields benzo- 
nitrile : 

CeHfi.SOgK + CNK = CsHg-CN + SOgKj. 

With PCL the OH group present in the sulphonic acid 
radical is replaced by chlorine, and benzene-sulphonio chloride 
is formed: 

CeHfi-SOaOH + PCI5 = CeHg.SOaa + POCI3 + HCl. 

This is an oil, insoluble in water; it melts at 14*5®, and boils 
at 120® (under 10 mm. pressure); as an acid chloride it is 
reconverted into sulphonic acid by hot water, into the corre- 
sponding esters by alcohols, and into benzene-sulphonamide, 
CgHe-SOg'NHg (lustrous mother-of-pearl plates melting at 
150®), by ammonia. This compound can be sublimed, and 
corresponds with other amides in its properties. The amido- 
group, however, is so affected by the strongly acidifying action 
of the SOo CTOup that its hydrogen is replaceable by metals, 
and the sulj^onamides consequently dissolve in aqueous solutions 
of alkali hydroxides. 

The sulphonamides are largely made use of in distinguish- 
ing the various sulphonic acids. These acids themselves are 
difficult to purify, as a rule do not crystallize well, and have 
no definite melting-point. The sulphonamides, on the other 
hand, crystallize readily, and^ have sharp melting-points. The 
sodium salt of the acid is treated with PCI5, and the chloride 
thus obtained is warmed with ammonium carbonate. 

Benzene -sulphonic chloride likewise yields sulphonamides 
with primary and secondary amines, C^Hg-SOj-NHE and 
CgHg'SOg'NRR', the former of these being soluble in alkali, 
but the latter insoluble. Tertiary amines do not, of course, 
give sulphonamides. This serves as the basis of a method for 
separating primary, secondary, and tertiary bases, especially 
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when jS-anthraquinone sulphonic chloride is used (Hinsberg, 
B. 23, 2962; 1900, 33, 477, 557, 3626; 38, 906). 

When benzene-sulphonic chloride is treated with zinc dust, 
zinc benzenesulphinate is formed : 

2CeH6.S02Cl + 2Zn == (C6H6S02)2Zn + ZnCla- 

An alkaline sulphinate is also produced (along with phenyl 
disulphide as by-product) when benzene-sulphonic chloride is 
treated with thio-phenol in presence of alkali. 

Benzene-sulphimc acid crystallizes in large glistening prisms, 
readily soluble in hot water, alcohol, and ether. It possesses 
reducing properties, and is itself converted into thio-phenol by 
nascent hydrogen: 

CeH6.so2H + 4H = + 

Thio-phenols can also be obtained by reducing the sulphona- 
mides derived from primary arylamines or the arylsulphonic 
chlorides with HI and PH J. The sulphonic acids and their 
esters cannot be reduced by this method {Fischer, B. 1915,48, 93). 

Sulphinic acids can be synthesized from Grignard reagents 
and SOg. 

Substitution may be effected in benzene-sulphonic acid by 
chlorine, bromine, and the groups NOo and NHg. 

The nitro-benzene-sulphonic acids, NOg-CgH^-SOgH, are 
obtained by nitrating benzene-sulphonic acid or by sulphonat- 
ing nitro-benzene, the ??i-compound preponderating. Keduc- 
ing agents convert them into the — 
Amino-benzene-sulphonic acids, NH 2 *CeH 4 -S 03 H. The 
p-compound, which is termed sulphanilic acid, is obtained by 
heating aniline sulphate at 180‘’-200'' {Gerhardt, 1845); also by 
reducing ^-nitro-benzene-sulphonic acid. The conversion of 
aniline sulphate into sulphanilic acid proceeds as follows: — 



Aniline hydrogen' Phenylsulphonamio Aniline 
sulphate acid o-sulphonlc acid 


NH, 


SOa-OH 
Sulphanilic acid. 


(Of. Barnherger, B. 1897, 30, 2274.) It crystallizes in rhombic 
plates (d-HgO), sparingly soluble in water, forms metallic salts. 
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e.g. sodium sulphanilate, NH^'CgH^'SOgNa + 2 H 2 O (large 
plates), but does not combine with acids. The formina 


anilic acid. 


^ possibly expresses the constitution of sulph- 
The m-acid, also termed metanilic acid, is em- 


ployed in the preparation of azo-dyes, metaniline yellow; 
it crystallizes in fine needles or prisms. 

-XT • 

Diazo-benzene-sulphonic acid, > (the anhydride 

of jj j, is obtained by adding a mixture of sul- 


phanilate and nitrite of sodium to dilute sulphuric acid. It 
forms colourless needles, sparingly soluble in water, shows all 
the reactions of the diazo-compounds, and is of great impor- 
tance for the preparation of azo-dyes. 

Benzene-disulphonic acids, CgH^^SOJI)^ (principally meta-), 
and benzene-trisulphonic acids, CgH 8 (S 08 Hj 3 , result from the 
energetic sulphonation of benzene with fuming sulphuric acid. 
The former exist, of course, in three isomeric modifications. 
When they are distilled with KCN, they yield the compounds 
CgH^CN) 2 , the nitriles of the phthalic acids; when fused with 
KOH, the m-disulphonic acid changes into resorcinol (m-di- 
hydroxy-benzene), C 8 H 4 (OH) 2 . 

Almost all the homologues of benzene, with the exception 
of hexamethyl-benzene, yield sulphonic acids. From toluene 
are obtained the m-, and ^toluene sulphonic acids, CH-* 
C8H4-S08H {Hollemann and Cdandy B. 1911, 44 , 2504). Of 
these it is the jo-acid which is formed in largest quantity 
directly; its potassium salt crystallizes beautifully. 

The sulphonic acids of the three xylenes, the xylene-sul- 
phonic acids, CgH 8 (CHj,y 2 S 03 H, serve for the separation of 
these isomers from each other; and the power of crystalliza- 
tion of the salts or amides of the sulphonic acids of the higher 
benzene homologues is frequently made use of for the recog- 
nition and separation of these hydrocarbons. 

The N-halogenated sulphomamides have received much atten- 
tion within recent years. The compounds C^Hg • SOg • NOl • CH 3 

and CgHg *80^^02 were prepared by Chaitaway{3. C. S. 1905, 


145), the former by the action of hypochlorous acid on the 
corresponding amide and the latter hj the action of warm potas- 
sium hydroxide on the dichloride, CgIL • SOg • N CL, obtainea from 
the amide and hypochlorous acid. Cf . Chap. LlV, Antiseptics. 
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The hydroxylic derivatives of benzene and its homologuea 
are usually divided into (a) phenols and (5) aromatic alco< 
hols. The phenols all contain the hydroxyl group or groups 
direct^ attached to the benzene nucleus, e,g. CgH 5 (OH), 
CgH 4 (OH) 2 , whereas in the alcohols the hydroxyl group is 
present in a side chain, e.g, (LH^-CHg-OH. 

One important point of difference between the phenols and 
alcohols is the more pronouncedly acidic nature of the phenol. 
The aromatic alcohols closely resemble those of the aliphatic 
series, but the phenols react as feeble acids, the hydroxjrlic 
hydrogen being displaced by the action of sodium or potassium 
hydroxide. 

The phenols are either liquid or solid compounds, and are 
often characterized by a peculiar odour, e.g, carbolic acid and 
thymol. Most of them can be distilled without decomposition, 
and all are readily soluble in alcohol or ether; some dissolve 
easily in water, others less readily, the solubility tending to 
increase with the number of hydroxyl groups present in the 
molecule. Many of them are antiseptics, e,g, phenol, creosol, 
thymol, and resorcinol. 

The phenols are usually divided into mono-, di-, tri- or tetra- 
hydric, according to the number of OH groups present in the 
molecule. 

Behaviour, — 1. Like the alcohols, the phenols are capable 
of forming ethers such as anisole, CgH^-O-CHg, esters, e,g, 
phenyl acetate, (^H^ • 0 • CO • CHj, and phenyl hydrogen 
sulphate, C-H^O • SOg • OH, thio-oomponnds, e,g, thiophenol, 
* SH, &c. 

Tney can only be compared with the tertiary alcohols, since 
they cannot, like the primary or secondary alcohols, yield acids 
or ketones containing an equal number of carbon atoms in the 
molecule upon oxidation. 

2. The phenols are weak acids, and form salts known as 
phenates or phenoxides, e,g, C^H^-OK, potassium phenate or 
potassium phenoxide; most of the salts are readily soluble in 
water, and far more stable than the alcoholates, with which 
th^ correspond. 

Ill aqueous solutions the salts are largely hydrolysed, and 
are decomposed by carbon dioxide, as the phenols are ex- 
tremely feeble acids comparable with hydrocyanic acid (cf. 
WaVuT^ Phys. Chem., chapter xxiv). The acid character of the 
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phenols is considerably increased by the entrance of negative 
groups, especially NOg, into the molecule. (See Picric acid; 
also Abst. 1903, 1, 754.) 

3. The presence of NHg or OH groups in the benzene 
nucleus renders compounds much more reactive towards halo- 
gens, nitric acid, sulphuric acid, oxidizing agents, &c. With 
polyamines and aminophenols the reactivity is such that the 
compounds undergo spontaneous oxidation on exposure to the 
air. The reactivity with chlorine is so great that frequently 
compounds of this type cannot be chlorinated by the usual 
methods. Orton and King (J. C. S. 1911, 1185) have introduced 
a method based upon the fact that the reversible reaction: 

K-NClAc + HCl K-NHAc + Clg 

proceeds from left to right in the presence of glacial acetic 
acid, and thus by taking very dilute solutions of hydrochloric 
acid, e.g, 0*021 the concentration of the chlorine is kept so 
low that chloro-derivatives are obtained free from products of 
oxidation. Cresols can be chlorinated in the same manner. 
The acetyl derivative generally used is 2:4-dichloro-acetyl- 
chloranilide, and if the theoretical amount of this compound is 
used the reaction proceeds to completion, as hydrogen chloride 
is formed by the action of the chlorine on the amine or phenol. 

4. Many phenols give characteristic colorations with ferric 
chloride in neutral solution, e,g. phenol and resorcinol violet, 
catechol green, and orcinol blue-violet; while pyrogallol yields 
a blue colour with ferrous sulphate containing a ferric salt, 
and a red one with ferric chloride. Bleaching-powder and 
iodine solution, in certain cases, also give particular coloration. 

5. Liebermann^s Reaction, — When the phenols are mixed 
with concentrated HgSO^ and a drop of nitrite solution or of 
a nitrosamine, they yield intensely coloured solutions which 
turn to a deep-blue or green when diluted and rendered 
alkaline with potash. 

6. The sodium and potassium salts of the phenols react 
with COg (Kolbe) or with OOCfg, with formation of aromatic 
hydroxy-acids, e,g, salicylic acid (see this). 

For further methods of preparation of hydroxy-acids and 
aldehydes, see TiemanvrReimer reaction (pp. 455 and 465). 

7. The phenols couple with diazonium salts to form azo- 
dyes (p. 424); when heated with benzo-trichloride, C^H^'CCL 
they yield yellow-red dyes (see Aurin), and with phthalic acid, 
the phthaleins (see Phenol-phthaleln). 
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8. When heated with zinc dust, the phenols are converted 
into the corresponding hydrocarbons (Boeyer). 

9. When heated with the additive compounds of zinc chloride 
and ammonia or calcium chloride and ammonia, the OH is 
replaced by NHg (cf. p. 392; also B. 19, 2901). 

10. Heating with phosphorus pentachloride partially con- 
verts the phenols into chlorinated hydrocarbons, and heating 
with P2S5 into thio-phenols. 

Occurrence. — Many individual phenols are found in the 
vegetable and animal kingdoms, and also in coal-tar. 

Constitution . — The hydroxyl-groups in phenol, CgH^-OH, and 
in the di- and polyhydroxy-benzenes, containing six carbon 
atoms, are linked to the benzene nucleus. That this is also 
the case in the homologues of these compounds follows; 
(a) from their completely analogous reactions; (b) from their 
behaviour upon oxidation. Thus, when oxidized, m-cresol 
yields m-hydroxy-benzoic acid, and hence the OH is present 
in the benzene nucleus and not in the side chain, and must 
be in the m-position with respect to the methyl group. 

A. Monohydric Phenols 

Modes of Formation. — 1. Many phenols are formed during 
the destructive distillation of the more complex carbon com- 
pounds, especially of wood and coal; they are therefore 
present in wood- and coal-tars. The latter contains more 
especially phenol and its homologues, cresol, &c.; the former, 
among other products, the methyl ethers of polyhydric phenols, 
e.g. guaiacol, Cf,H4«(0H)(0*CH3), and its homologue creosol, 
CeH3(CH3)(OH)(O.CH3). 

The phenols are isolated from coal-tar, &c., by shaking with 
sodium hydroxide solution, in which they dissolve, saturating 
the alkaline solution with hydrochloric acid, and purifying the 
precipitated phenols by fractional distillation. 

2. Phenols are formed toget^^er with an alkali sulphite when 
salts of sulphonic acids are fused with potassium or sodium 
hydroxides (KekuU, Wurtz, Dusart, 1867): 

CeH6.S03K-t-2K0H = CeH^-OK -f SO3K2 -f H/). 

In the laboratory nickel or silver basins are used for this 
fusion, and on the large scale iron boilers, &c. The alkali 
salts of the phenols are formed, and the free phenols may be 
liberated, by the addition of mineral acid. The chloiinated 
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sulphonic acids and the chlorinated phenols also exchange the 
halogen for hydroxyl when fused with potash; 

CeH4Cl(S03K) + 4KOH = CeH4(OK)2 + SOaKg + KCl + 2 H 2 O. 

In certain cases intramolecular rearrangement occurs during 
this fusion, e,g, all three bromo-benzene-sulphonic acids yield 
m-dihy^droxy-benzene (resorcinol) when fused with potash. 

3. They are formed when aqueous solutions of diazonium 
salts are heated {Griess; cf. p. 411). As a rule, a very dilute 
sulphuric acid solution is employed. 

4. Phenol is produced from benzene by the action of ozone 
or hydrogen peroxide, and also by that of the oxygen of the 
air in presence of caustic soda solution or of aluminium 
chloride. In an analogous manner di- and even trihydroxy- 
benzene may be obtained by fusing phenol with potash: 

CeHfi.OH + 0 = 

6. The phenols cannot be prepared from chloro-, bromo-, or 
iodo-benzene in the same way as the alcohols from alkyl 
chlorides, bromides, or iodides, the halogen being bound too 
firmly to the benzene nucleus. The bromo-compounds when 
heated with alkalis under a pressure of 20 atmospheres yield 
metallic phenoxides. If nitro-groups are present in 0- or 
^-positions, an exchange of this kind can be effected by heating 
with aqueous sodium or potassium hydroxides; 5-trinitro- 
chloro-benzene reacts with water alone: 

C0H2C1(NO2)3 + HOH = CeH2(0HXN02)3 + HCl. 

Similarly, the amino-group in amino-compounds may be 
replaced by hydroxyl by means of boiling alkalis, provided 
nitro-groups are also present in certain position; thus 0 - and 
p- (not m-) dinitro-aniline yield dinitro-phenols, a reaction 
which corresponds with the saponification of acid amides. 

6. Phenols are also formed when salts of the aromatic 
hydroxy-acids are distilled with lime, or when their silver 
salts are carefully heated: 

Gallic acid, C 0 H 2 (OH) 3 -CO 2 H = COg + C 6 H 3 (OH) 3 , PyrogalloL 

7. Homologues of phenol are readily prepared by reducing 
certain aromatic hydroxy-ketones or aldehydes with zinc 
amalgam and HCl. Thus ^OH^CgH.-CHO gives ^OH* 
CeH4.CHg and OH- CeH4.CO.CHo gives OH.CglL .CHg.CHg. 

Fnenol, Carbolic akd, hydroxy-benzene^ CgHgOH, was dis- 
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covered in 1834 by Runge in coal-tar. It occurs in the urine 
of the herbivora and in human urine as phenyl hydrogen sul- 
phate, also in cocoanut-shell tar, and in bone-oil. It forms 
long, colourless needles, melts at 42°, boils at 181°, is soluble 
in fifteen parts of water at 16°, and itself dissolves some water, 
a small percentage of the latter sufficing to liquefy the cry- 
stalline phenol. Alcohol and ether dissolve it readily. It is 
hygroscopic, and acquires a reddish colour in the air owing to 
the presence of impurities, possesses a characteristic odour and 
burning taste, is poisonous, acts as a splendid antiseptic, and 
exerts a strongly corrosive action upon the skin. As a very 
feeble acid it dissolves readily in caustic potash solution, but 
not in the carbonate. Ferric chloride colours the aqueous 
solution violet, while a pine shaving moistened with hydro- 
chloric acid is turned greenish-blue by phenol. 

Hexahydro-phenol, • OH, prepared from quinitol (cyclo- 
hexane-1 :4-diol) (B. 26, 229), is a liquid with an odour resem- 
bling that of fusel oil. 

Ajusole, or Phenyl methyl ether ^ CgHg-O^CHg, and phenetole, 
or fhenyl ethyl ether ^ are best obtained by heat- 

ing phenol and caustic soda witn methyl or ethyl sulphates or 
halides; the former is also obtained by distilling anisic acid 
with lime. They are liquids of ethereal odour which boil at a 
lower temperature than phenol, just as ether has a lower 
boiling-point than alcohol. They are very stable neutral com- 
pounds, which are not readily hydrolysed by acids or alkalis; 
when heated with HI to 140°, or with HCl to a higher tem- 
perature, or with aluminium chloride, they yield phenol: 

CoHg.O-CHg-f HCl = CeHfi.OH-t-CHgCI. 

When methylating phenols with methyl sulphate better 
yields are given by using NaOH than by KOH. For preparing 
esters, on the other hand, potash is preferable {Klemens^ Mon., 
1918, 38, 553). 



acid. 

Esters. — Phenyl hydrogen sulphate, CgH^-O-SOg-OH (cf. 
Ethyl hydrogen sulphate), is only capable oi existence in the 
form of salts, being immediately hydrolysed into phenol and 
sulphuric acid when attempts are made to isolate it. The 
potossium salt C^HgO-SOg-OK (plates, sparingly soluble in 
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water), is found in the urine of the herbivora and also in 
human urine after the consumption of phenol, and it may 
be prepared synthetically by heating potassium phenate with 
potassium pyro-sulphate in aqueous solution {Baumann), It 
is very stable towards alkalis, but is saponified by hydrochloric 
acid. 

Phenyl acetate, CgHgO-CO-CHg, obtained from phenol, 
acetic anhydride, and dry sodium acetate, is a liquid which 
boils at 193°, and is readily hydrolysed (cf. Ethyl acetate). 

Thio-phenol, Phenyl hydrosulphidcy CgH.-SH, is prepared 
from benzene-sulphonic chloride, CgHg-SOgCl, as ^ven at 
p. 430, or by heating phenol with P2S5. It is a liquid of 
most unpleasant odour and of pronounced mercaptan char- 
acter (see p. 92). It yields, for instance, a mercury com- 
pound, (CgH5S)2Hg, crystallizing in glistening needles, and 
also salts with other metals. When warmed with concen- 
trated H2SO4, a cherry-red and then a blue coloration is 
produced. 

Closely related to the above are: (a) phenyl sulphide, (09115)^8, 
which is formed by the action of benzene-diazonium chlonde 
upon thio-phenol (B. 23, 2469): 

CeH5.N:N.a-fH.S.CeH6 = CeHfi.S.CgHj Nj + HQ. 

It is a liquid smelling of leeks, and is oxidizable to phenyl 
sulphone, (0^115)2802; (b) phenyl disulphide, (05X15)282 (glisten- 
ing needles, m.-pt. 60®), which is very easily prepared by the 
action of iodine upon the potassium compound of thio-phenol, 
or by exposing an ammoniacal solution of the latter to the air. 
It is readily reduced to thio-phenol, and may be indirectly 
oxidized to benzene-disulphoxide, (0^115)2890^ (Cf. the cor- 
responding compounds of the fatty series, p. 92, et seq.) 

SUBSTITUTED PHENOLS 

Chloro- and Bromo-phenols, — When chlorine is led into 
phenol, 0- and ^chloro-phenols are formed. These, and also 
the 77^-compound, may be obtained by reducing and diazotizing 
the balogenated nitro-benzenes. 

Of the isomeric di-derivatives, the ^compounds have the 
highest melting-point and the 0- the lowest; thus o-chloro- and 
bromo-phenols are liquid and the p-compounds solid. When 
fused with caustic potash they yield dihydroxy -benzenes 
(p. 436), often with a molecular rearrangement The chloro- 
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phenols have a sharp, persistent odour. All the 5 hydrogen 
atoms of phenol can be replaced by chlorine and bromine. 

When an excess of bromine water is added to an aqueous 
solution of phenol, a precipitate of 5-tribromo-phenol (colour- 
less needles, melting at 92'') is obtained. 

Nitroso-phenol, OH • 0 . 114 -NO, prepared from phenol and 
nitrous acid {Baeyer^ B. 7, 964), by boiling nitroso-dimethyl- 
aniline with caustic -soda solution (see p. 402), and by the 
action of hydroxylamine upon quinone, is identical witn qui- 
none monoxime, 0:CgH4:N*0H (p. 455). It crystallizes in 
fine colourless needles which readily become brown, or in large 
greenish-brown plates, and detonates when heated. 

Nitro-phenols. — A mixture of o- and p-nitro-phenols is ob- 
tained when phenol is mixed with cold dilute nitric acid ; the 
p-compound preponderates if the liquid is cold, and the ortho- 
if it is warm. When distilled with steam, the 1 : 2 compound 
volatilizes, while the 1:4 remains behind. m-Nitro-phenol is 
obtained by diazotizing m-nitraniline. 

The 0 - and jp-compounds can also be obtained by fusing o- 
and p-nitranilines with potash, and p-nitro-phenol has been 
synthesised from nitro-malonaldehyde, N 02 *CH(CH 0 ) 2 , and 
acetone {Hill and Torray, B. 1895, 28, 2698). 

The (^-compound crystallizes in yellow prisms, and melts at 
45°, the m- in yellow crystals, melting at 96°, and the para- in 
colourless needles, melting at 114°. 

The acid character of phenol is so strengthened by the 
entrance of the nitro-group that its salts are not decomposed 
by carbonic acid, but are formed from the nitroj)henols and 
alkali carbonate. Sodium o-nitro-phenate, Cgn 4 (NOo)ONa, 
crystallizes in dark -red prisms, and potassium p-nitrorpnenate 
in golden needles. (For constitution ot the salts, see Chap. 
XL VII, Absorption Spectra.) Halogens and nitric acid readily 
substitute further in these mono-nitro-compounds; nitric acid 
yields two isomeric dinitro-phenols, CeH8(N0,)20H, (OH: 
NOgiNOj = 1:2:4 and 1:2:6^, Le, the two NOg groups are 
always in the m-position to one another). Further nitration 
in the presence of sulphuric acid gives — 

Ficrio acid, s^Trinitro-pherwl^ C5H2(N02)8*0H, (OH:NO^: 
N02:N02 = 1:2:4:6). This compound was discovered in 
1799. It may also be prepared by the direct oxidation of 
5-trinitro-benzene with KaFeC^N., and is produced by the 
action of concentrated nitric acid upon the most vari^ or- 
ganic substances, e.g, silk, leather, wool, resins, and aniline. 
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It is a strong acid and forms beautifully crystalline salts, 'which 
explode violently when heated or struck. It crystallizes from 
alcohol or water in yellow plates or prisms, melting at 122% is 
only sparingly soluble in water, and the aqueous solutions have 
a persistent deep-yellow colour. It is used for the preparation 
of explosives, and is also a yellow dye. 

Pioryl chloride, C-Hjj(NOj),Cl (from picric acid and PCl^), 
resembles the acid chlondes (p. 386) in behaviour. Picric acid 
forms beautifully crystallizing additive compounds with many 
aromatic hydrocarbons, and idso with amines and phenols. 

Amino-phenols are obtained by the reduction of nitro- 
phenols : 

C«H4(OH)NHa C,H,(OH)(NH,)a aH,(OH)(NO,)(NHa) C«H2(OH)(NHa)i 

m*. p* Diamine- Nltro-amino- Tiiamino- 

Amino-pnenolf phenols phenols phenol 

In the amino-phenols {Hofmann^ 1867) the acid character of 
the phenols is neutralized by the presence of the amino-group, 
so that they only yield salts with acids. The amino-phenols 
themselves are relatively unstable, and readily decompose on 
exposure to moist air or sunlight, but the hydrochlorides are 
much more stable. Derivatives of these compounds, as phenols 
and as amines, are known. The amino-hydrogen is readily 
replaceable by acyl groups. 

p-Amino-pheno]^ m.-pt. 184% obtained by the electrolysis of 
nitrobenzene in concentrated sulphuric acid {Gattemruinn\ or 
by molecular rearrangement from /8-phenyl-hydroxylamine, or 
by passing ^0H*CgH4*N02 + Hg over Cu deposited on 
pumice and heated at 266° (J. A. C. S. 1919, 41, 436), is easily 
oxidized to quinone, C^H^Oo, and is converted by bleaching- 
powder into quinone chlor-imide, OiCgH^iNCl. It is used as 
a photographic developer under the name of rodinal Amidol 
is a salt of 2 : 4-diamino-phenol, and metol is N-methyl-p-amino- 
phenol sulphate and is readily prepared from quinol and 
methylamine (J. A. C. S. 1919, 41, 270). 

771- Amino-phenol and diethyl-TTi-amino- phenol, C^Tl^{OE) 
[^(^205)2], are formed when m-amino-benzene-sulphonic acid 
or its diethyl-derivative is fused with alkali. 

The anisidines, amino-anisolesy methoxy-anilines, CHgO«C^H4» 
NHg, and the phenetidines, C2H50*C^H4«NH2, are bases simi- 
lar to aniline, and are used in the colour industry (azo-dyes). 
Aoeto-jp-phenetidine, C2H50*C5H4 • NH • CO • CHg, phemce-^ 
tine which forms colourless crystals, is a common anti-pyretic. 
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Siazo-phenolfl exist in the form of anhydrides, probably 

and Porter^ J. C. S. 1915, 107, 645; cf. 

Bamberger^ B. 1915, 48, 1354). The TW-compounds do not 
appear to form such anhydrides ( J. C. S. 1917, 111, 497). 

Phenol-sulphonic acids, OH-CgH^-SOg-OH. — The o- and 
^-acids are obtained from phenol and concentrated H 2 SO 4 at 
a moderate temperature, that is, with much greater ease than 
the benzene-sulphonic acids; the ortho-acid changes into the 
para- when its aqueous solution is heated. The two acids may 
be separated by means of their potassium salts. The m-com- 
pound can be prepared indirectly by fusing T/i-benzene- 
disulphonic acid with potash. All three are crystalline. 

The o~ and w-acids yield 0 - and m-dihydroxy -benzenes when 
fused with KOH, but the ^-acid does not react in this way, 
being attacked only at temperatures over 320°, when complex 
products are formed. o-Phenol-sulphonic acid is used as an 
antiseptic under the name of “ Aseptol or “ Sozolic acid simi- 
larly, the salts of di-iodo-;?-phenol-Bulphonic aci^ OH-CgHglg* 
SO 3 H, Soz<hiodoV\ form antiseptics resembling iodoform. 

HOMOLOGUES OP PHENOL 

The homologues of phenol resemble the latter very closely 
in most of their properties, form perfectly analogous deriva- 
tives, possess disinfecting properties, and also a peculiar odour. 

They differ from phenol mainly by the presence of side 
chains which, as in the case of toluene, &c., may undergo 
certain transformations. Especially when they are used in 
the form of alkyl or acyl derivatives or acid sulphates, they 
can be oxidized in such a manner that the side chains (methyl 
groups) are transformed into carboxyl, with the production of 
hydroxy-carboxylic acids. The cresols themselves cannot be 
oxidized in this way even by chromic acid mixture, and are 
completely destroyed by potassium permanganate. Negative 
substituents, especially if they are present in the o-position, 
render such oxidation more difficult in acid, but facilitate it 
in alkaline solution. 

All three oresols, OHg *03114 *011, are present in coal-tar, and 
are also contained in the tar from pine and beech wood ; they 
are most readily prepared from the corresponding toluidines. 

Tn-Cresol is conveniently prepared by heating thymol with 
phosphoric anhydride and then with potash, 
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|^Cre8ol is produced during the putrefaction of albumen. 
Its dinitro-compound is a golden-yellow dye which is used as 
ammonium or potassium salt under the name Victoria orange. 
Crude cresol is rendered soluble in water by the addition of 
resin soap or of oil soap; the preparations so obtained are 
termed creoline and lysol, and are employed as antiseptics. 

Th3rmol, OioHj 40 , l-methyl-^^sopropyU^-hydroxy-he'iizene^ an 
important antiseptic, is found together with cymene, CioHj 4 , 
and terpenes, CjoH^g, in oil of thyme, Thymus Serjpyllum^ and 
the oil from Ajwan fruit, Garum copiicum. 

The isomeric carvacrol, l’methylA~isop'opyl-2-hydroxy-benzeney 
present in Origanum hirtum^ is prepared either by heating 
camphor with iodine or from its isomer, carvol, and glacial 
phosphoric acid. 

The constitutions of these two phenols have been established 
as follows: (a) Both yield cymene (^-methy 1-isopropyl-benzene) 
when heated with phosphorus sulphide and similar compounds, 
(b) Carvacrol, when heated with phosphorus pentoxide, yields 
propylene and o-cresol. (c) Thymol, when similarly treated, 
yields propylene and m-cresol. 

C3H,.CeH3(CH3)(OH) = CgHe + OH.CeH4.CH3 (0 or m). 

Eugenol is the chief constituent of oil of cloves and cinnamon 
leaf oil and is used for manufacturing vanillin (p. 455). 

B. Dihydpic Phenols 

These are analogous to the monohydric compounds in most 
of their relations, but differ from them in the same way as the 
dihydric alcohols from the monohydric. The methods of 
formation are analogous to those used for the monohydric 
phenols, especially by fusion of sulphonic acids and halogen 
derivatives with potash; instead, however, of the compound 
expected, an isomeride which is stable at that high tempera- 
ture frequently results (see Resorcinol). The ^-dihydroxy- 
compounds are characterized by their close connection with 
the quinones. Many of the polyhydric phenols are strong 
reducing agents. 

Cate^ol, formerly called p 3 rrocatechin, CoH 4 (OH )2 (1:2), 
which was first obtained by the distillation of catechin 
(Mimosa Catechu\ is present in raw beet-sugar, and is ob- 
tained when many resins or o-phenol-sulphonic acid are fused 
with potash. It crystallizes in short, white, rhombic prisms, 
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which can be sublimed, and dissolves readily in water, alcohol, 
and ether. 

It is usually prepared by heating its mono-methyl ether, 
guaiaool, CgH 4 (OH)(OCH 3 ), a constituent of beech-wood tar, 
with hydriodic acid (see Anisole, p. 437). Like most of the 
polyhydric phenols, it is very unstable in alkaline solution, 
which quickly becomes green and then black in the air. The 
aqueous solution is coloured green by ferric chloride, and 
then violet by ammonia (reactions of the (Hlihydroxy-com- 
pounds). It possesses reducing properties, and precipitates 
silver even from a cold solution of silver nitrate. By the con- 
tinued action of chlorine upon it, derivatives of pentamethy- 
lene and finally of the fattv series result {Zincke and Kiister), 
By boiling it with potash and potassium methyl-sulphate, it may 
be reconverted into guaiacol, which likewise shows the ferric 
chloride reaction and possesses reducing powers. 

Resorcinol, or m-Dikydroxy-henzene {Hlasiwetz, Earthy 1864), 
is obtained when many resins (Galbanum, Asafoetida), Tw-phenol- 
sulphonic acid, all three bromo-benzene-sulphonic acids, or wi- 
and j^-benzene-disulphonic acids are fused with potash. The last- 
mentioned compounds are employed for its preparation on the 
technical scale. It crystallizes in rhombic prisms or plates, 
which quickly become brown in the air, dissolves readily in 
water, alcohol, and ether, and reduces an aqueous solution of 
silver nitrate when warmed with it, and an alkaline solution 
oven in the cold. With ferric chloride it gives a dark-violet 
coloration. It acts therapeutically like carbolic acid, only 
more mildly. 

When heated with phthalic anhydride, it is converted into 
fluorescein (p.520); test for 7?i-dihydroxy-benzenes), and it is 
therefore manufactured on the large scale. Nitrous acid or dia- 
zonium compounds transform it into azo-dyes ; compare Chap. 
LIII, Azo-dyes. Its trinitro-derivative is stypnnio acid, 
CflH( 0 H) 2 (N 02 ) 8 , which is formed by the action of nitric 
acid upon many gum resins. 

Quinoi, formerly called hydroquiuone, p- dihydroxy -benzene 
(Wohler y 1844), may be obtained by the oxidation of quinic 
acid, C^H^206» l>y means of PbOg, by the hydrolysis of the 
glucosiae arbutin, and from succinylo- succinic ester (cf. p. 
367), &c. It is usually prepared by the reduction of quinone 
with sulphurous acid, and hence the name hydroquinone. 
It crystallizes in monoclinic plates or hexagonal prisms, 
of about the same solubility as its isomers, and may be 
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sublimed. Ammonia colours it reddish-brown, while chromic 
acid, ferric chloride, and other oxidizing agents convert it into 
quinone or quinhydrone (p. 456). It melts at 169°, and, being a 
strong reducing agent, it is used as a developer in photography. 

Lead acetate solution yields a white precipitate with a 
solution of catechol, but none with resorcinol, while quinol is 
only precipitated in presence of ammonia. 

Orcinol, or m-Dihydroxy-ioluene, (CHgrOHrOH = 1:3:5), 
is found in many lichens (Rocella tinctoria^ Lecanora, &c.). It 
is formed by the elimination of carbon dioxide from orsellinic 
acid, e.g, upon fusing extract of aloes with potash, and it can 
also be prepared synthetically from toluene (B. 15, 2992). Of 
especial interest is its synthesis from ethyl acetone-dicarboxylate 
(p. 270) and sodium (B. 19, 1446). It does not yield a fluor- 
escein with phthalic anhydride. 

Homo-catechol, CeH3(CH3)(OH)2, (CHgiOHrOH = 1 : 3 : 4 ), 
deserves mention on account of its mono-methyl ether creosol, 
CH3 • CgH3(0H)(0 • CH3), occurring in beech-wood tar. Creosol 
is a liquid similar to guaiacol, boiling at 220°, and, as a deri- 
vative of catechol, gives a green coloration with ferric chloride. 

Quinitol {Cyclohexane -1:4- diol)y p- dihydroxy -hexamethylene, 
CgHiQ(OH)o, a dihydroxy-derivative of reduced benzene, is ob- 
tained synthetically by the reduction of p-diketo-hexamethylene. 
It crystallizes in crusts, and has a sweet taste with a bitter 
after-taste; m.-pt. 144°. It is the simplest representative of 
the inosite sugar group (p. 446). 

C. Trihydric Phenols 

Pyrogallol, Pyrogallic acid {Scheele^ 1786), \:2:Z4rihydroxy' 
benzenCy is the most important of these three isomers. It is 
obtained, apart from synthetical reactions, by heating gallic 
acid, when carbon dioxide is eliminated; CgH2(OH)3'COQH = 
63113(011)3 + CO2. It crystallizes in white plates, melts at 
132°, is readily soluble in water, and capable of subliming 
without decomposition. It is an energetic reducing agent, e.g. 
for silver salts, and is used as a developer in photography. Its 
alkaline solution rapidly absorbs oxygen, hence its use in gas 
analysis. 

In the presence of NaOH the oxidation product appears to be 
a hexa-hydroxy-triphenoquinone, 0 : 03H2(0H)2 : C3H2(OH)2 : 
C3H2(0H)2:0 (J. C. S. 1915, 107, 1217), or in the pres- 
ence of Ba(OH)2 2 ; 3 : 4 : 2' : 3' : 4'-hexa-hydroxy-diphenyL 
(OH)3C3H2.C3H2(oH (A. 1912, 394, 249). 
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The aqueous solution is coloured bluish-black by a solution 
of ferrous sulphate containing ferric salt, and purple-red by 
iodine. It does not react with hydroxylamine (cf. Phloro- 
glucinol). 

Pyrogallol dimethyl ether, CeH3(OH)(OCH8)2 {Hofmann), 
is contained in beech-wood tar, as are hkewise the dimetlyrl 
ethers of the compounds C 3 H 2 (CH 8 )(OH )8 and C 3 H 2 (C 8 H 7 ) 
(OH),, homologous with pyrogallol. 

FUoroglucinol, or \:Z\b-i'rihydroocy’lenzene {Hlasiwetz, 1855), 
is obtained by the fusion of various resins and of resorcinol 
with potash or soda, by the action of alkali upon the gluco- 
side phloretin, and by fusing its dicarboxylic ester (whoso 
synthetical formation is given on p. 40 4) with potash. It 
forms large prisms which weather in the air, melts at 218°, 
and sublimes without decomposition. With ferric chloride it 
gives a dark-violet coloration, its solutions in alkalis readily 
absorb carbon dioxide, and it possesses reducing properties. 

Phloroglucinol is a typical example of a tautomeric com- 
pound. 

In many reactions, e.g, (a) the formation of metallic deriva- 
tives, C 3 H 8 ( 0 K) 8 ; of a trimethyl ether, C^H8(OCH8), which is 
insoluble in alkali j and of a triacetyl denvative, C 3 Hp(OAc) 8 ; 
(b) its combination with phenyl-carbimide to form a tricarbani- 
line derivative, C 3 Hg( 0 -C 0 -NH*CgH 5 ) 8 , it reacts as a normal 
phenol, ie, as sym. trihydroxy-benzene. On the other hand, 
however, in certain of its reactions it behaves as a ketone, Le, 

as triketo-hexamethylene, thus it yields 

a trioxime, OgH 3 (:N-OH) 8 , and when alkylated in presence of 
alcoholic potash yields tetra- and hexa-alkyl derivatives, e,g, 

CgMe^Oj, CO<QjJ® 2 ;^^>CMe 2 . Its ultra-violet absorption 

spectrum {Hedley, J. 0. S. 1906, 730) resembles that of other 
phenols. 

Hydroxy- quinol, \\2 -A- Trihydroxy -benzene, is obtained by 
fusing quinol with potash. ’Like pyrogallol, it yields no 
oxime with hydroxylamine. 

Hexahydroxy-benzene, (L(OH)g, forms as its potassium 
salt potassium carboxide, UgOglCg, the explosive compound 
sometimes obtained in the manufacture of metallic potassium. 
It crystallizes in colourless prisms, has no definite melting- 
point, but decomposes at about 200°, and can be convert^ 
into its quinone. 
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Qneroitol, C^j(OH)5, found in the oak, and inosite or 
iuositol, CgH-(OH)^ found in the muscles of the heart, are 
polyhydroxy-derivatives of hexamethylene. In many respects 
they closely resemble the aliphatic polyhydric alcohols rham- 
nitol and sorbitol. Quercitol melts at 235°, is optically active, 
and has [aj^ = + 24*1 6. Inositol or hexahydroxy-cyclohexane 
exists in an inactive and in Z-, and /--modifications. 


XXV. AROMATIC ALCOHOLS, ALDEHYDES, AND 
KETONES 

A Aromatic Alcohols 

While the phenols remind us of the tertiary alcohols of the 
fatty series, although they differ from these in many points, 
we are acquainted with compounds which possess the alcoholic 
character in its entirety; they are termed aromatic alcohols. 
The most important of these is (primary) benzyl alcohol, 
C^Hy'OH, which is isomeric with the cresols, this isomerism 
being explained by the different position of the hydroxy-group 
in the molecule; thus, while the cresols, like all phenols, con- 
tain the hydroxyl linked to the benzene nucleus, in benzyl 
alcohol it is present in the side chain: 

CHg • C0H4 • OH (cresols) • CH2 • OH (benzyl alcohol). 

This follows from the formation of benzyl alcohol from 
benzyl chloride, C^Hr-CH^Cl (and vice versa), and also from 
the fact that it can be oxidized to an aldehyde and an acid 
containing the same number of carbon atoms in the molecule 
as itself, these being likewise mono-derivatives of benzene: 

CeHj.CHa.OH CflHg.CHO CgHg.CO.OH 

Benzyl alcohol (Benzene- Benzaldehyde (Benzene- Benzoic acid (Benzene- 
methylol) methylal) carboxylic acid). 

Benzyl alcohol may also be looked upon as methyl alcohol in 
which one atom of hydrogen is replaced by the group C 5 H 5 : 

H • CHj • OH (carbinol) CgHj • CH2 • OH (phenyl-carbinol), 

and is therefore the simplest aromatic alcohol. 

In addition to primary alcohols, e,g, tolyl alcohols, CEL* 
CgH^'CHjOH, ) 8 -phenyl-ethyl alcohol, • CHj • OHgOH, 
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seconda^, e,g. a-phenyl-ethyl alcohol, or l-phmyl-hydroxy- 
etham, O^Hc • CH(OH) • CH3, and even tertiary alcohols, e,g. 
(CgHQ)gC*OH, triphenyl-carbinol, are known. Of the poly- 
hydric alcohols, phenyl-glycerol (l-phenyl-l:2: 3- trihydroxy- 
propane) is the most important. All of these contain the 
hydroxyl radicals attached to carbon atoms of the side chain 
and not to those of the nucleus, and this is the fundamental 
difference between an aromatic alcohol and a phenol. The alco- 
hols are not of the same commercial importance as the phenols, 
and hence have not been investi^ted to the same extent. 

All these compounds are, as ^cohols, perfectly analogous to 
the alcohols of the fatty series, so far as regards the formation 
of alcoholates, ethers, esters, mercaptan s, amines, phosphines, 
&c. They are, however, at the same time benzene derivatives, 
and consequently yield chloro-, bromo-, nitro-, amino-, &c., 
substitution products. Unsaturated aromatic alcohols are 
also known, which resemble the unsaturated compounds of 
the fatty series to the closest extent in their chemical be- 
haviour, but are at the same time benzene derivatives. 

Benzyl alcohol, CgHg'CHg-OH, is a colourless liquid of 
faint aromatic odour, sparingly soluble in water, and boils at 
204°. It occurs naturally in Peru and Tolu balsams as ben- 
zoic and cinnamic esters, and is formed from benzyl chloride 
just as alcohol is from ethyl chloride. It is usually prepared 
by the action of concentrated aqueous potash on benzaldehyde, 
whereby the one half of the aldehyde is oxidized and the re- 
mainder reduced (B. 14, 2394): 

aCeHfi-CHO + KOH = CoKfi-CHg-OH + CgHg.CXKDK. 


Benzyl alcohol is also formed when benzamide is reduced 
with sodium amalgam. This is a reaction which has been 
employed for the preparation of a number of substituted 
benzyl alcohols {Hutchinson, B. 1891, 24, 173). 

Phenyl-ethyl alcohol, C^Hg-CHg-CHg-OH, b.-pt. 220°, is 
prepared by reducing ethyl phenylacetate with sodium and 
alcohol. It is an important , constituent of rose oil and of 


many blended perfumes. 

Phenyl-methyl-carbinol, CgH5-CH(OH)-CH^ b.-pt. 203°, 
can be prepared by reducing acetophenone, CgHg-CO-CHg 
(p. 462), into which it is reconverted by gentle oxidation. 

Numerous secondary and tertiary alcohols have been synthe- 
sized by means of Qrignard!s compounds (p. 380). 


The simplest of the unsaturated alcohols is cinnamic alco- 


hol, C^Hg-CHiCH *0112011, which occurs as cinnamic ester 
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(“styracin”) in storax. It crystallizes in glistening needles 
of hyacinth-like odour, yields cinnamic acid when gently oxi- 
dized, and benzoic when the oxidation is more vigorous. 

Ethylene oxides containing aryl substituents are much more 
stable than those containing alphyl-^oups (p. 201). Thus 
i4?-bromoacetophenone, CgHg • CO • CH^r, readily condenses in 
the presence of NaOEt with substituted benzaldehydes con- 
taining negative groups, yielding ethylene oxides of the type, 


C6H5.C0.CH< 


CH.CeH4.CL 

d 


Cf. B. 1917, 60, 1457, and 1918, 61, 192. 

B. Aromatic Aldehydes 

Benzaldehyde, Benzene-methylaly or oil of bitter almonds, 
CgHg-CHO, was discovered in 1803 and investigated by Liebig 
and Wohler (A. 22, 1). It is a colourless, strongly refracting 
liquid of agreeable bitter almond-oil odour. It boils at 179°, 
has a sp. gr. 1*06 at 15°, and is readily soluble in alcohol and 
ether, but only sparingly in water (1 in 30). 

Many of the modes of formation are analogous to those 
described under the aliphatic aldehydes (pp. 128 and 129): 

(а) By the oxidation of the corresponding alcohol. This 
reaction is of little practical value, as the alcohols themselves 
are usually prepared from the aldehydes. 

(б) By the distillation of the calcium salt of the correspond- 
ing acid, benzoic acid, with calcium formate. 

(c) By heating the correimonding dichloride, benzal chloride, 
or benzylidene chloride, CgHg.CHClg (from toluene), with 
water or sulphuric acid, or, as is done on the technical scale, 
with water and lime; also by heating benzyl chloride, C^Hg* 
CHgCl, with water and plumbous or cupric nitrate, or the 
bromide with sodium nitrate (U. S. P.), or by oxidizing the 
chloride with sodium dichromate and caustic soda (K P.). 

This method involves processes of hydrolysis and oxidation: 

CgHj-GHjCl — CeHj.CH3.OH ^ CeHj.C^i^. 

(d) Together with dextrose and hydrocyanic acid by decom- 
posing amygdali^ C^oHg^O^N, a glucoside (see Glucosides) 
which occurs in bitter almonas and crystallizes in white plates, 
either by means of sulphuric acid or by emulsin (an enzyme 
likewise present in bitter almonds (p. 276 and Chap. XL VIII): 

CjjoHjyOnN 2H2O = CeHfi.CHO + SCeHiA + CNH. 

^e) By the action of chromyl chloride, CrOgCl^, upon tpluei^e. 
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This is Etard^s reaction, and is of OTcat value for the synthesis 
of aldehydes and also of certain ketones from hydrocarbons. 
An additive compound, CgH5»CH«(Cr02Cl2)2, is first formed, 
and yields the aldehyde on the adaition of water (B. 17, 1462, 
1700; 32, 1050). 

(A By the action of Grignard's phenyl-magnesium bromide on 
ethyl orthoformate {Bodroux^ 0. E. 1904, 138, 92 and 700), 6,g,i 

CeH 5 .Mg.Br + CH(OEt )3 = OEt-Mg-Br + CeH 5 .CH(OEt)a, 
CaHs-CHCOEt);, CgHj-CHO. 

Gaitermann and MaffezzoU (B. 1903, 36, 4152) have used Gri- 
gnard^s compound with a large excess of ethyl formate at low 
temperatures.* 

{g) Homologues of benzaldehyde are sometimes prepared 
by the elimination of carbon dioxide from substituted phenyl- 
glyoxylic acids by a process of distillation : 

CaH^X.CO.COaH — CgHaX.C^^. 

(A) A simple synthesis can be effected by heating the hydro- 
carbon with carbon monoxide under a pressure of 50-90 
atmospheres j[E. P. 1915). 

(i) By passing hydrogen into a boiling 20-per-cent, solution of 
benzoyl chloride in xylene, using palladinized BaS 04 as catalyst. 

Behaviour, — 1. Its behaviour is that of an aldehyde, and in 
many respects it closely resembles the aliphatic aldehydes. Thus 
it is (a) easily oxidizable to the acid, and on this account 
reduces an ammoniacal silver solution with the production of 
a mirror; {b) reducible to the alcohol; (c) capable of forming 
a crystalline additive compound with NaHSOg; {d) capable of 
combining with HCN (see Mandelic acid); (e) capable of 
reacting with hydroxylamine and phenyl-hydrazine to benz- 
aldoxime, CgHe-CH:N-OH, and ben zaldehy de-phenyl-hydra- 
zone, aHg.CH-.N^H.CgHg, respectively; (/) converted into 
benzylidene chloride, CgHg-CHClg, by the action of PClg. 

2. Benzaldehyde does not form an additive compound with 
ammonia analogous to the aldehyde-ammonias of the aliphatic 
series, but enters into a somewhat complex condensation, 
yielding hydrobenzamide ; 

3CeHg.CHO + 2NH3 = (CeH6.CH)3N2 -f SHaO. 

3. Benzaldehyde and its homologues can undergo poly- 

* For synthetical methods see GaUermann, A. 1906, 347, 347. 

(B480) 16 
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merization, e,g» when an alcoholic solution of benzaldehyde is 
boiled with potassium cyanide, benzoin is formed : 

CeHft.CH:0 + CaH5.CH:0 = C6Ha-CH(OH)-CO-CeHj, 

a compound which is both a secondary alcohol and a ketone. 

4 . A number of condensation products can be obtained 
from the aromatic aldehydes, and many of these are of com- 
mercial importance. The condensation usually takes place 
in the presence of a condensing agent, e.g. acetic anhydride, 
anhydrous zinc chloride, potassium hydroxide, sodium ethoxide, 
&c. Among some of the simplest of these condensations are : — 

(a) With primary amines. The formation of benzylidene 
anilines {Schiff*s Bases): 

CeHfi.CH: 0 + H, = Hp -f CeHg.CH.-N.CeHj. 

It has been shown recently that this reaction is preceded by 
the formation of an additive compound, CgH 5 *CH(OH)*NH- 
OgHg, which then passes into the benzylidene derivative. A 
few such additive compounds have actually been isolated. 
{Dimroth and Zoepritz^ B. 1902, 35, 984.) 

(5) With tertiary amines, e.g . : 

2CeH5.NMe,-f CoHg.CHO = H^O + CeH4-CH(CeH,.NMea)j, 

when a substituted diamino-derivative of triphenyl-methane is 
produced (Chap. XXX, 1 ). 

(c) With the sodium salts of fattv acids, when unsaturated 
acids are formed {PerkirCs Synthesis^ Ghai.p, XXVI, A.): 

C 0 H 5 .CHO -h CHj.COONa = CeHg.CHrCH.COjNa-hHaO. 

(d) With fatty aldehydes, ketones, &c. : 

CeHfi.CH.-O + CHa.CHrO = + C^R,-Cll:GR-CRO, 

when unsaturated aldehydes {e.g. cinnamic aldehyde) or ketones 
are formed. 

5. Its reaction with alkalis‘(p. 447) is also different; in 
the fatty series aldehyde resins are formed, and with benz- 
aldehyde a mixture of primary alcohol and the corresponding 
acid. This latter reaction is characteristic of aldehydes in 
which the CHO group is directly attached to the benzene 
nucleus. 

6 . As a benzene derivative, it can be substituted by halogens 
(indirectly), and can be nitrated, sulphonated, &a (directly). 



CINNAMIC ALDEHYDN 


451 


As in the case of toluene, chlorine enters the side chain at 
A^boilii^ temperature, with formation of benzoyl chloride, 

Among its derivatives, the following deserve mention: — 

a-Benzaldoxime, Benz-anti-aldoximey C^Hj-CHtN-OH, is 
formed from benzaldehyde and hydroxylamine; it melts at 
35°, and decomposes when boiled. It can be transformed by 
means of acids into the isomeric jS-benzaldoxime, benz-syrir 
aldoxime, which melts at 125° (for velocity, cf. Patterson, J. 
0. S. 1907, 604; 1908, 1041), and in contradistinction to the 
isomer, readily reacts with acetic anhydride yielding benzo* 
nitrile. The oximes are stereo-isomeric (Nitrogen-isomerism). 
(Cf. pp. 144 and 464.) 

Benzaldehyde - phenyl - hydrazone, • CH : N • NHCgH^, 

forms colourless crystals, melting at 152 . Benzylideneazine, 
CHPh;N«N:CHPh, from benzaldehyde and hydrazine sul- 
phate, has m.-pt. 93°, 

Viteo-benzaldehydes, N02*CgH4*CH0. — The m-compound 
is the chief product of nitration, but some 20 per cent of the 
o-compound is formed at the same time. The latter is pre- 
pared by oxidizing o-nitro-cinnamic acid by KMn04, Pres- 
ence of benzene ; it forms long colourless needles, melting at 
46°, yields indigo (Chap. XXXV, C.) with acetone and caustic 
soda, and on exposure to sunlight forms (?-nitroso-benzoic acid. 
It can be reduced to o-amino-benzaldehyde, NH2-C6H4'CHO, 
a compound crystallizing in silvery glistening plates, m.-pt. 46°, 
which is of value for various synthetical reactions. (See Quino- 
line; also B. 16, 1833.) m-Amino-benzaldehyde, prepared by 
reducing the bisulphite compound of 7w-nitro-benzaldehyde, is 
used in the production of triphenyl-methane dyes. 

Cinnamic aldehyde, CgH^.CHzCH-CHO, is the chief con- 
stituent of oil of cinnamon {Cinnamonum zeylanicum) of Ceylon, 
and oil of cassia (G. cassia) of China, from which it may be 
isolated by means of its bisulphite-compound. It is an oil 
of aromatic odour, boils at 246°, and is readily volatile with 
steam. In addition to its properties as an aldehyde, it also 
possesses the properties of an unsaturated compound, e,g, forms 
a dibromide. Its reaction with potassium hydrogen sulphite is 
characteristic. It first forms an additive compound, CftHrCH: 
CH*CH(0H)(S03K), like an ordinary aldehyde, and then, as 
an unsaturated compound, combines with a second molecule 
of the sulphite, 

(SO3K) + 2H2O. 


yielding C3H..CH(S08K).CH2.CH(0H) 
(B. 24, 1806; 31, 3301.) 
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C. Aromatic Ketones 

The aromatic ketones are usually divided into (1) mixed 
aromatic ketones, viz. those which contain both an aryl and 
an alphyl group, e.g, CgHg-CO-CHg, and (2) true aromatic or 
diary! ketones, t,g, CgHe-CO-CgHg. 

Acetophenone, Phenyirmethyl ketone^ OgHg-CO-CHg, is the 
simplest representative of the mixed aromatic ketones. It 
crystallizes in colourless plates, is readily soluble in water, 
melts at 20®, boils at 200®, and is obtained by the normal 
modes of preparation for ketones, e,g, by distilliM a mixture 
of acetate and benzoate of calcium, as also by the PriedelrCrafts^ 
synthesis (p. 370), viz. the conjoint action of acetyl chloride 
and aluminium chloride upon benzene. When benzene and 
its derivatives are converted into ketones by this method, 
only one acyl group is introduced as a rule, and this into the 
para-position with respect to any alkyl group already present. 
With a sym. trialkylated benzene, e,g. mesitylene, it has been 
found possible to introduce two acyl groups, e,g, diacetyl- 
mesitylene, ( 0 H 3 ) 30 gH(C 0 CH 3)2 (F*. Meyer^ B. 1895, 28, 3212; 
1896, 29, 846, 1413). When the temperature is kept low by 
diluting the mixture with carbon disulphide, a good yield of 
ketone may be obtained by the FriedeUGraft^ method. 

Acetophenone unites in itself the properties of a ketone of 
the fatty series and of a benzene derivative. It yields benzoic 
acid and carbon dioxide when oxidized with ordinary oxidizing 
agents, but with cold alkaline permanganate it yields O^Hg- 
CO *00211, phenyl-glyoxylic acid or benzoyl-formic acid. 
When warmed with halogens, it is substituted in the side 
chain {e,g, to “phenaoyl bromide”, CgHg-CO-CHjjBr), and 
with nitric acid it is nitrated. It is used as a soporific under 
the name of “flypncme”. Its oxime melts at 59°, and its 
phenyl-hydrazone at 105®. 

Although it combines with hydrogen cyanide to form the 
nitrile of a-phenyl-lactic acid, it cannot form an additive com 
pound with sodium liydrogeii sujipliite. 

Its homologues closely resemble it, but are liquid at the 
ordinary temperature. Acetophenone and some of its homo- 
logues can be prepared from hydrocarbons with long side 
chains by EtaroFs reaction (see p. 449; B. 23, 1070; 24, 1356). 
Aromatic polyketones (cf. p. 229) have also been prepared, e,g, 
benzoyl-acetone, CgHg-CO-CHo^CO-GHg, and acetophenone- 
acetone, CgHg.CO.CHj-CHg.CO.CHj. The latter, like 
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acetonyl-acetone, is readily converted into furane, pyrrole, and 
thiophene derivatives (Chap. XXXIV). 

Benzaldehyde condenses with acetone and acetophenone in the 
presence of alkalis, yielding unsaturated ketones, e,g, Benzylid- 
eneacetone, CHPhrCH-CO-CHg, m.-pt. 41°, and benzylidene- 
acetophenone, chalcone, CHPh*CH:CH*CO-GgIL, m.-pt. 58°. 

Benzophenone, Diphenyl ketone^ CgHg • CO • CgHg, may be 
obtained (1) by distilling calcium benzoate, (2) by tne Friedel- 
Grafts synthesis, (3) by the oxidation of diphenylmethane, 
(CgB[ 5 ) 2 CH 2 , or of diphenyl-carbinol, (CgH 5 ) 2 CH-OH. 

Gtood yields of ketones are not usually obtained bv the 
action of Grignard's reagents on acid chlorides; as a rule the 
reaction proceeds further, and a tertiary alcohol is obtained 
(p. 380). An exception is found in the reaction between 
a-naphthyl-magnesium bromide and benzoyl chloride. 

Ketones can {Blaise, C. E. 1901, 132, 38; 133, 299) be 
synthesized from Grignard^s reagents and nitriles, or amides; 

E.CN-f E'.Mg.I = ER'C:NMgI, 
and this with water gives 

R.CO.E' + NHg + I.Mg.OH. 

Acid amides react in a somewhat similar manner. 

Benzophenone is dimorphous; the stable modification melts 
at 49°, and when boiled or distilled yields the unstable modi- 
fication, melting at 26°; but this gradually passes back again 
into the stable modification. The reaction is, however, con- 
siderably accelerated by the addition of a minute crystal of 
the stable compound. It yields an oxime melting at 140° and 
a phenyl-hydrazone melting at 105°. 

When reduced with zinc dust or hydriodic acid and red 
phosphorus, it yields diphenylmethane. 

Stereo-isomerio Oximes and Hydrazones. — The isomerism 
described on pp. 144 et seq. i^ more frecmently met with in the 
aromatic than in the aliphatic series. Benzaldehyde and most 
of its substitution products yield two distinct oximes and most 
of the un^mmetrical aromatic ketones, e.g, ^-chloro-benzo- 
phenone, UgH^Ol-OO-C-Hg, and tolyl-pheny 1-ketone, CHg* 
CgH 4 -CO-CgH 5 , also yield stereo-isomeric oximes of the syrir 
and antir types. The one isomeride is usually readily trans- 
formed into the more stable by means of hydrochloric acid or 
bromine, by rise of temperature, and by exposure to light 
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The following relationships of the benzaldoximes are of 
interest: — 

Benz-an/t>aldoxime — ► Benz-an<i-aldoxime hydrochloride 

I heated Hd | heated 

Benz-wn-aldoxime Benz-^yw-aldoxime hydrochloride. 

-HCl 

The syrir or a/rUir configuration of the isomerides is determined 
m the case of the aldoximes by a comparison of the readiness 
with which water is eliminated and a nitrile formed, and in 
the case of the ketoximes by an examination of the products 
obtained by BechrmnrCs transformation (p. 145). Thus: 

CeHfi.C.CeH^.CHa gives CflHg.CO-NH.CgH^.CHs 

jJ.Qg; BenZ'P-toluldide 

Phenyl-j^-tolyl-antt-ketoxime 

and 

gives CH3.CflH4.CO.NH.CflH5 

^ Asilide of ^toluic acid. 

Phenyl-p-tolyl-sj/n-ketoxime 


Cf. Henrichy B. 1911, 44, 1533; Stieglitz and Leechy J. A. C. S. 
1914, 86, 272; Brady and Dunriy J. C. S. 1916, 109, 650. The 
latter suggest that both syw- and anti- compounds can react 

an.-cH . 

in the tantomenc forms syn 0*NH’ 


D. Hydroxy or Phenolic Alcohols, Aldehydes, and 
Ketones 


Formula Ifame. Constitution. 

0H*CflH4*CH20H Saligenin, o-hydroxy-benzyl-alcohol. 

00H8«0,H4«0Ha0H Anisyl alcohol, p-methoxy-benzyl alcohol. 

OH • G6H8(0M6) • CHaOH. . . Vanil alcohol, 3 - methoxy - 4 - hydroxy-benzyl 

♦ alcohol. 

0 H. 04 H,( 0 Me)(C 8 H 4 * 0 H) Coniferyl alcohol, [OCHs : OH = 8:4]. 

OH» 04 H 4 *OHO Salicyl-aldehyde, o-hydroxy-benzaldehyde. 

OCHs* CeH 4 • CHO Anis^dehyde, p-methoxy-benzaldebyde. 

(On)aC6H8*CHO. Procatechuic iddehyde, 3 : 4-dihydroxy-benz- 

aldehyde. 

OH • 04 H 8 ( 0 Me) • CHO Vanillin, 8-methoxy-4-hydroxy-benzaldehyde. 

GHaO| : GsHs * GHO Piperonal, methylene-protocatechuic aldehyde. 


A large number of compounds are known which possess 
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phenolic properties in addition to those of an alcohol, aldehyde, 
or ketone. Several of these compounds occur as glucosides in 
nature. Anisaldehyde is obtained from the oxidation of anisole 
(methyl phenyl ether). 

Tiemann-Reimer's synthesis consists in heating a phenol with 
chloroform in the presence of concentrated KOH: 

CgHs-OK + CHCI3 = HCl + CHCl2.CeH4.OK:, 
and the dichlor-derivative thus formed is hydrolysed by the 
alkali to CHO-CeH^-OK. The formyl-group -CHrO always 
takes up the 0 - or ^position with respect to the hydroxy- 
group, and, as a rule, the o- and p-compounds are formed 
together, and may often be separated by the difference in 
volatility of the two compounds in steam. 

In the Gattermann synthesis (B. 1915, 48, 1112), a phenol is 
heated with HCN and HCl and subsequently hydrolysed. If an 
alkyl cyanide is used, hydroxy-ketones are the final products: 
CeHfi.OH-fCHgCN— OH.CeH4.C(CH3):NH— OH.CeH4.CO.CH3. 
An analogous synthesis is passing a rapid current of dry HCl 
into an ethereal solution of cyanogen bromide and resorcinol 
or some other polyhydric phenol {Karrer, Helv. 1919, 2, 89). 

Vanillin crystallizes in beautiful needles, and is prepared 
on the large scale from coniferin, CigH^a^s + ^HgO, a com- 
pound occurring in the sap of the cambium in the Coniferse. 
This is hydrolysed by acids into glucose and coniferyl alcohol, 
0^H3(0H)(0CHg)(C3H4.0H), and the latter yields vanillin 
when oxidized {Tiemann and Haarmann) ; the CH3 group is 
removed by heating with hydrochloric acid at 200®, with the 
formation of protocatechuic aldehyde. Vanillin is also found in 
vanilla pod, asparagus, beet-sugar, asafoetida, and certain balsams. 

Vanillin can also be obtained synthetically from m-chloro- 
p-nitro-benzaldehyde (from m-chloro^nitro-toluene), but is 
usually manufactured from eugenol (p. 433) which is trans- 
formed into isoeugenol, OH»CgH3(OMe)CH:CH*CH8 by alco- 
holic potash, then acetylated and finally oxidized. 

E. Quinones 

Quinones are compounds derived from benzene and its 
derivatives by the replacement of two atoms of hydrogen by 
two of oxygen, e.g, C-H4O2. As a group they are characterized 
bv (a) their yellow colour, (b) being readily reduced to dihydric 
pnenols, and hence often acting as oxidizing agents. They are 
often divided into para-quinones and ortho-quinonea 
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j^-Benzoqmnone or Quinone, (1838), is produced 

when chromic acid is added to a solution of quinol. It crys- 
tallizes in yellow needles or prisms of a characteristic pungent 
odour something like that of nut-shells, is sparingly soluble in 
water but readily in alcohol and ether, and can be sublimed ; 
m.-pt. 116®. Corresponding with it we have a large number 
of higher homologues, &c. These also are solids, mostly of a 
yellow colour, and are volatile withjsteam; they are obtained 
by the oxidation of the corresponding dihydroxy-phenols, or 
of polyhydric phenols, which contain two hydroxyls in the 
para-^sition. 

Quinone is also formed by the oxidation of many aniline 
and phenol derivatives belonging to the para-series, e.g. 
^mino-phenol, sulphanilic acid, and |?-phenol-sulphonic acid; 
it is usually prepared by the oxidation of aniline itself by 
means of cnromic acid (see B. 1887, 20, 2283). It was first 
obtained by distilling quinic acid with manganese dioxide and 
sulphuric acid. Exposure to light causes it to turn brown, 
and it colours the skin yellow-brown. It is readily reduced 
to quinol by SOg, HI, SnClg and HCl, &c., and can therefore 
act as an oxidizing agent. 

In chloroform solution it takes up two or four atoms of 
bromine to form a di- or tetra-bromide (CgH 402 • Br^). Under 
other conditions chlorine and bromine act upon it as substi- 
tuents, while hydrochloric acid forms chloroquinol : 

CeH^Oa + HCl = CoHgCKOH)^. 

It yields sparingly soluble, coloured crystalline compounds 
with complex hydrocarbons, phenols, phenolic ethers, and 
amines (Pfeiffer), With quinol it forms an additive compound 
termed quinhydrone, CqH^Oo + CgH 4 (OH) 2 ; this crystallizes 
in green prisms with a metallic lustre, and is also formed as an 
intermediate product in the oxidation of quinol or in the 
reduction of quinone. Its constitution has not been definitely 
settled. (Cf. Siegnunds, J, pr. 1911, 83 , 663; also Knorr, B. 
1911, 44 , 1603.) 

Constitution . — Quinone is derived from benzene by the ex- 
change of two atoms cf hydrogen for two of oxygen, which, 
from the close connection between quinone and quinol, must 
be in the jp-position. The constitution of quinone may be 
explained either by assuming that these two oxygen atoms 
are linked together, as in peroxide of hydrogen, 
so that the benzene nucleus remains unchanged^ or that the 
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latter experiences a partial reduction, with the formation of a 
derivative of C^Hg, a “ diketo-dihydro-benzene ” ; 


C CO 



According to the first of these two formulee, quinone would 
be a peroxide; according to the second, a ketone. In favour 
of the latter view (which was brought forward by FUtig, and 
is now almost universally accepted) are (1) the fact that qui- 
none can be converted into an oxime, 

(identical with nitroso-phenol, p. 439), and into a dioxime, 

quinone dioxime, (B. 20, 613); (2) its 

power of forming additive compounds with bromine ; and (3) 
its relations to the analogously constituted anthraquinone. 
(Of. B. 18, 668; A. 223, 170; J. pr. 42, 161; also chapter 
on Physical Properties and Constitution.) 

Tetrahydro-quinone, p-IHM(hhemmethylene {cyclo-heaune-lii- 
dione\ 

CHg.CO.^ 


can be prepared by hydrolysing and eliminating the carboxyl 
groups from succinylo-succinic ester (p. 367). It crystallizes 
in colourless prisms, melts at 78°, and, on reduction, yields 
quinitol (p. 444). (Cf. B. 22, 2168; 23, 1272.) 

Chloranil, TetraM<yro-quinone^ C-CI4O2, which crystallizes in 
lustrous yellow plates, is obtained by chlorinating quinone and 
also by oxidizing many organic compounds, e,g. phenol, with 
HCl and KClOg. A good yield may be obtained by chlorinat- 
ing ^nitraniline, reducing the 2:6-dichloro-4-nitraniline thus 
obtained to 2:6-dichloro^phenylene-diamine, and then oxidiz- 
ing and chlorinating by means of potassium chlorate and 
hydrochloric acid: 

N O, • CgH* • NH 2 NOj • CgHjClg • NH a CgH CeCl40 j 

{Witt Abstr. 1904, 1, 174.) When reduced, it yields the 
colourless tetrachloro-quinol; it also acts as an oxidizing agent, 
converting e,g, dimethylaniUne into methyl-violet. A dilute 
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solution of potassium hydroxide transforms it into potassium 
ohloranilate, CgClgOg^OK)^ + HgO (dark-red needles), corre- 
sponding with which there is also an analogous nitro-compound, 
potassium nitranilate, C0(NO2)oO^(OK)2. The latter salt is dis- 
tinguished by its sparing solubility, hence its formation may 
be made use of as a test for potassium compounds. (For its 
constitution, see B. 19 , 2398.) 

Chlorine transforms chloranil and chloranilic acid into com- 
plex chloro-products of the hexa- and pentamethylene series, 
and finally into chlorinated fatty compounds. (For a tabular 
summary, see Hmtzsch^ B. 22 , 2841; cf. also B. 26 , 827, 842.) 

Toluquinone, CeH8(02)(CH3), xyloquinone, C8H2(02)(CH8)2, 
thymoquinone, C8H2(02)(CH3)(C3H^), &c., are known. Several 
of these can be prepared synthetically by the condensation 
of 1:2 diketones ; for instance, diacetyl yields xyloquinone 
under the influence of alkali (cf. B. 21, 1411 and p. 366): 

CHg. 00 -CO.CH B; _ CHs.C.OO.CH , q 

+ :H,;CH.OO.CiO-C!H, “ HC-OO-C-CH, *' 

o-Benzoqninone, C0<^2 j 0 h>CH, isomeric with the 

p-compound, has been recently prepared bjr WillsMter and 
Pfannenstiel (B. 1904, 37, 4744) by the oxidation of an ethereal 
solution of catechol ((Kiihydroxy-benzene) with silver oxide. 
It forms pale-red transparent plates, is relatively unstable, 
and begins to decompose at 60°-70°. It is readily reduced 
by sulphur dioxide to catechol, and dyes the skin brown. For 
two isomeric forms, cf. B. 1908, 41, 2580; 1911, 44, 2632. 

Simple m-quinones are not known, but the bimolecular tri- 

bromoresoqnmoiie, CO<g^J \ CO>^ * ^<CO.’cbJ 

been prepared (B. 1909, 42, ^97, 2814). 

F. Quinone Chlorimides, Quinoneaniles, and 
Anilino-quiuones 

Characteristic N-derivatives of quinones are : 

Chlorimides, C3H4 ^q 

Oximes, C0H4^^ 

Anils, 
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The quinone ohlorimides are obtained by the oxidation of 
the ^amino-phenols or p-phenylene-diamines with bleaching 
powder, e,g, quinone chlorimide, 0:0^114: NCI, from jp-amino- 
phenol hydrochloride, and quinone diohlorimide, C1*N:C5H4: 
N«C1, from ^phenylene-diamine hydrochloride. The first- 
named crystallizes in golden-yellow crystals, which are volatile 
with steam \ when reduced it yields amino-phenol, and when 
boiled with water quinone ; the dichlorimide reacts similarly. 

Quinonediimide, NH:CgH4:NH, forms bright yellow, 
explosive crystals, and on reduction gives ^phenylene-diamine 
(B. 37, 1494). 

Quinone monoxime, obtained by the action of hydroxyl- 
amine hydrochloride on quinone (jBf. Goldschmidt^ B. 1884, 17, 
213), is identical with the compound obtained by the action 
of nitrous acid on phenol, or by the hydrolysis of ^nitroso- 
dimethyl-aniline, and previously termed ^nitroso-phenoL It 
would appear to have the oxime constitution 0:C^^:N*0H, 
as with hydroxy lamine it yields the dioxime OH *1^:0^114: 
N«OH, and when alkylated yields ethers of the type 0:CflH4: 
N-OR. (Cf. also Hartley, J. C. S. 1904, 1016.) 

Quinone monanile is obtained by oxidizing j!>-hydroxy-di- 
pheny lamine, OH«C^H4*NH«CgH^, and forms fiery-red crystals 
melting at 97°; with aniline it yields dianilino-quinone anile, 
0:C(jH2(NHPh)2:NPh. The dianile is obtained by oxidizing 
diphenyl-^phenylene-diamine, C6H4(NHPh)2; it melts at 176°- 
180°, and its dianilide, viz. dianilino-quinone dianile, NPh: 
06H2(NHPh)2:NPh, is most readily obtained by heating p- 
nitroso-dimethyl-aniline with aniline and aniline hydrochloride. 

The dyes known as indophenols and indamines are deriva- 
tives of quinone-anils. (See Chap. LV, G.) 

G. Pseudo-phenols. Methylene-quinones 

Numerous phenolic alcohols react with halogen hydracids 
yielding the corresponding esters of the alcohols, e.p.: 

OH.CflHoBr.CHo.OH — OH.CeHgBr.CHoBr, 
OH.CflBrgMea-CHg-OH -- OH.CeBrjMeg-CHa-Br; 

but the products thus obtained are insoluble in alkalis, and are 
characterized by the reactivity of the bromine atom in the 
• CHgBr group. The compounds have been termed by Auwers 
pseudo-phenols, and they are usually regarded as o- or quinone 
derivatives, e.g.: 

0:CeHsBr<^^g^gj. and O ! CgBr2lVIe2^Qjj 
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Such compounds readily react with alkalis, losing hydrogen 
bromide and yielding methylene-quinones or quiuomethanes 
of the type OrO^HgBrrCHg; the majority of these are 
unstable, and immediately yield condensation products which 
are insoluble in alkalis (cf. Auwers^ A. 801, 203; B. 32, 2978; 
34, 4256; 86, 1878; 39, 435; Zincke^ A. 320, 145; 322, 174; 
329, 1; 363, 335, 357). 

A series of quinodimethane compounds has been isolated, e,g, 
OPh 2 :C 6 H 4 :CPh 2 , tetraphenylquinodimethane, yellow crystals, 
m.-a 268° (Tschitschibabin, B. 1908, 41, 2770); Ci(^ 7 CPh: 
CeH^-CHg, a dark-blue powder (Schlenk and Meyer ^ JB. 1919, 
62 B, 8). 
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The aromatic acids are analogous to the fatty acids in most 
respects. As acids they are capable of forming exactly the 
same kinds of derivatives as the latter, e,g, metallic salts, 
esters, chlorides, anhydrides, amides, &c. : 

CqHq'COjH (benzoic acid). 

CeH6«C02C2He (ethyl benzoate); (CeH^* 00)^0 (benzoic anhydride); 
CgHg’CO'Cl (benzoyl chloride); CgHg-CO’NHg (benzamide); &c. 


As benzene derivatives they yield chloro-, bromo-, iodo-, hy- 
droxy-, nitro-, amino-, and sulphonic acid derivatives, &c., e,g.: 


(LH4C1*C02H (chloro-benzoic acids); 
NH2-CgH4*C02H (amino-benzoic acids); 

OH •S02*CgH4 '00211 (sulpho-benzoic acids); 
OH'Cgi^'COgH (hydroxy-benzoic acids); 
C0H5'CH(OH)'CO2H (mandelic acid); &c. 


ConstiMion , — Corresponding with the aromatic acids there 
are nitriles, e,g, with benzoic acid, benzo-nitrile, CgHg-C-N, 
which may also be regarded as cyanogen derivatives of the 
hydrocarbons (in the above case, cyano-benzene), and which, 
on hydrolysis, yield the acids. From this, and from their 
general properties, it follows that their constitution must 
correspond exactly with that of the fatty acids; like the 
latter they are characterized by the presence of carboxyl, 
CO -OH, in the molecule. There are monobasic, di-, tri-, 
and up to hexabasic aromatic acids, according to the number 
of hydrogen atoms in the molecule which are readily re- 
placeable by metallic radicals, ue, according to the number of 
carboxyl groups. 



AROMATIC ACIDS 


461 


Numerous unsaturated aromatic acids are known. As un- 
saturated compounds, they readily form additive compounds 
with hydrogen, chlorine, hydrogen iodide, and are thereby 
converted into saturated acids or their substitution products. 
In most of these additions the benzene nucleus remains un- 
altered. Their constitution is therefore entirely analogous to 
that of the acids of the acrylic or propiolic series; they contain 
a side chain with a double or triple carbon bond: 

CeHft.CHiCH.COjH CeHj.ClC-CJOaH 

Cinnamic acid Phenyl-propioUo acid. 

In addition to the aromatic acids proper, which have just 
been mentioned, other acids have been prepared recently, which 
are derivatives either of a completely redu^ or a partially reduced 
benzene molecule. The acids of the former series, e,g, the hexa- 
hydro-benzoic acids, have properties very similar to those of 
the saturated fatty acids; while those of the latter, e.g. the di- 
and tetrahydro-benzoic acids, resemble the unsaturated fatty 
acids. (Of. p. 37S.) 

The aromatic hydroxy-acids, e,g, the hydroxy-benzoic acids, 
which are both phenols and acids, manifestly contain phenolic 
hydroxyl (i,e, hydroxyl which is linked directly to the ben- 
zene nucleus) in addition to the carboxyl ^roup or OToups; 
they are capable of yielding salts either as acids or as ^enols, 
but otherwise they correspond in many points with the ali- 
phatic hydroxy-acids. 

The true aromatic hydroxy-acids, such as mandelic acid 
(phenyl-glycollic acid), which correspond completely with the 
aliphatic hydroxy-acids, manifestly contain their alcoholic hy- 
droxyl not in the benzene nucleus, but in the side chain, as is 
also the case with the aromatic alcohols. 

Nomendatvre, — One of the simplest systems of nomenclature 
is the designation of the aromatic acids as carboxylic acids 
of the original hydrocarbons in question, e,g. phthalic acid is 
benzene-1 :2-dicarboxylic acid. Many names, such as xylic 
acid, are taken from those <5f the hydrocarbons into which 
the carboxyl has entered, while others, such as mesitylenic 
acid, indicate the hydrocarbons from which the acids are 
obtained by oxidation. An important principle as regards 
nomenclature depends upon the fact that aromatic acids can 
be derived from almost eveiy fatty acid of any consequence 
by the exchange of H for Cgfig, e.g . : 

CHs-COsH (acetic acid) (phenyl-acetic acid). 
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There thus exist phenylated acids analogous to the acids of 
the acetic, glycollic, succinic, malic, and tartaric series, &c. 
For example, atropic acid, CgIL»C(C02H):CH2, may be desig- 
nated a-pheny 1-acrylic acid, ana cinnamic acid, C^H^»CH:CII« 
COnH, p-phenyl-acrylic acid. 

Properties . — Most of the aromatic acids are solid crystalline 
substances, generally only sparingly soluble in water, and 
therefore precipitated by acids from solutions of their salts, 
but often readily soluble in alcohol and ether. The simpler 
among them can be distilled or sublimed without decom- 
position, while the more complicated, especially phenolic and 
polycarboxylic acids, evolve carbon dioxide when heated; 
e.g. salicylic acid, OH-CgH^-COjH, breaks up into phenol and 
CO^. The elimination of carbonic anhydride from those acids 
which volatilize without decomposition may be effected by 
heating with soda-lime; in poly basic acids the carboxyls may 
be successively decomposed: 

CJBL^(COja.\ = CeH^COjH -f OO^ = CeHe -f 200,. 


Occurrence . — A large number of the aromatic acids are found 
in nature, e.g. in many resins and balsams, and also in the 
animal organism in the form of nitrogeneous derivatives such 
as hippuric acid (benzoyl-glycocoll), CgH^ • CO • NH • CHg • COgH. 

Modes of Formation. — A. Of the saturated acids: — 

1. By the oxidation of the corresponding primary alcohols 
or aldehydes, e.g. benzoic acid from benzyl alcohol, or from 
benzaldehyde. 

2. One of the commonest methods of obtaining aromatic 

acids is by the oxidation of benzene homologues. I^ch alkyl 
CTOup present in the nucleus of the hydrocarbon can be oxi- 
dized to a carboxylic group, whether it be long or short, e.g. 
both OeHg.CHg and yield C^B^^CO^E. 

All substituted benzene homologues which contain the sub- 
stituent in the side chain are similarly oxidized to non-substi- 
tuted aromatic acids, e.g. O-H.-CHoCl, CgH.-CHo-NHo, and 
CeH,.GH:CH.C 02 H yield CeHj.COgH. 

A substituted benzene homologue which contains halogen, 
nitro-, sulpho-, amino-, hydroxy-, &c., substituents attached to 
the benzene nucleus, yields a similarly substituted aromatic 
acid, e.g.: C,T[fi\-Ca. — C^.Cl-CO.B.; 

Should there be several side chains in the molecule, they 
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are usually all converted directly into carboxyl by chromic 
acid ; whereas by using dilute nitric acid, this transformation 
can be effected step by step, e.g.i 

CeH 4 (CHs )2 yield first CeH/CHaXCOaH) and then 
The xylenes Tolnlc acids PhthaJio acids. 

Nevertheless, the three classes of isomeric benzene deriva 
tives with two side chains comport themselves differently. 
The para-compounds are the most readily oxidized to acids by 
chromic acid mixture, and then the meta-j whereas the ortho 
compounds are either completely destroyed by it (p. 372), or 
not attacked at all. The last-named may, however, be oxi- 
dized in the normal manner by nitric acid or potassic perman- 
ganate. The entrance of a negative group or of hydroxyl into 
the exposition with respect to the alkyl ramcal renders the oxi- 
dation more dfficult (cf. p. 441). 

3. By the hydrolysis of the corresponding nitriles : 

CaHfi-CN -f 2H2O = CflHj.COaH + NHa. 

These nitriles, which can be prepared from the ammonium 
salts of the acids in the same manner as those of the fatty 
series, are often obtained by the following synthe.sos: — 

(a) By distilling the potassium salts of the sulphonic acids 
with potassic cyanide or ferrocyanide {Merz\ just as the 
nitriles of the fatty acids are formed from the potassium 
alkyl-sulphates (p. 104): 

CeHft.SOsK-f KCN = CeH^.CIN + SOgK^ 

Nitriles cannot, as a rule, be prepared from KON and aro- 
matic halogen derivatives which contain the halogen attached 
to the nudeus (cf. p. 379); the halogen is more readily re- 
placed by cyanogen if sulphonic acid or nitro-groups are like- 
wise present: 

CeH^Br.NOa-f KCN = CN.CeH4.NOa + KBr. 

Benzyl chloride, CeHj.CHoCl, and all the haloid hydro- 
carbons which are substituted in the side chain, on the other 
hand, react with potassium cyanide m the manner characteristic 
of the alphyl halides: 

CeHe-CHaa + KCN = KQ + CeHg-CHa-CN 

Benxyl cyanide. 

(d) By diazotizing the primary amines and replacing the 
diazo-group by cyanogen, according to Sandmeyer^s reaction 
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(p. 412). This reaction is frequently made use of in ^he 
prepiiration of substituted benzo- nitriles, e.g, 2:4-dibiomo- 
benzo-nitrile, C^HgBi^CN, and the isomeric 2 : 6 -compound, 
also of tolu-nitriles, CHg-O^H.-CN. 

(c) By heating the mustard oils (pbenyl-iso-thiocyanates, 
p. 285), with copper or zinc dust (fFeith): 

CaH5.N:C:S + 2Cu = Q^H^.C-N + Cu^ 

(d) By the molecular transformation of the isomeric iso- 
nitriles at a somewhat high temperature: 

CeH^.NiC — CeHj.CrN. 

(e) By eliminating the elements of water from the oximes of 
the aldehydes by means of acetyl chloride (pp. 145 and 454): 

Benzaldoxime, C 0 H 5 -CH:N*On = CgH^^CN + HgO. 

4. By the reduction of unsaturated acids, thus hydrocinnamic 
by the reduction of cinnamic acid with sodium amalgam and 
water, or with hydrogen and finely divided Palladium : 

C«H5.CH:CH.(X)^ + 2H = CeHj.CHj.GHji-OOjH. 

The acids obtained by this method always contain the COgH 
group attached to a side chain. Similar acids can also be ob- 
tained by the reduction of hydroxy-, bromo-, or keto-acids, 
where the OH, Br, GO, and COgH are all in side chains, e.g . : 

CeH4.CH(OH).COaH — CO JBi. 

5. A number of syntheses of nucleus carboxylic acids can 
be accomplished. These may be regarded as the more or less 
direct introduction of the carboxyhc group into the benzene 
nucleus, and are usually effected by means of carbonic acid 
derivatives. In many cases the yields are only small, and the 
reactions are mainly of theoretical interest. 

(а) Benzoic acid and its homologues are produced by the 
action of carbon dioxide upon brdmo-benzenes, &c., in presence 
of sodium {Kehili ) : 

CX), + 2 Na = CeHa-OOgNa + NaBr. 

( б ) By the action of phosgene, COClg, upon benzene and its 
homologues in presence of ^Cl 3 {FriedU and Crafts): 

OaHj + OOClg * QiHft.OOCl + Ha 
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Acid chlorides are first formed, but can be readily decomposed 
by water. By the further action of these chlorides upon benzene 
in presence of AlClg, ketones are formed (see Benzo-phenone). 
Carbonyl chloride reacts most readily with tertiary amines: 

CeH5.N(CHj), + COCl, = (CHa)J^.CeH4.00a + HCl. 

(c) By the action of carbamic chloride, C1*00*NH«, upon 
benzene (or phenol) in presence of AlClg, amides of the aro* 
matic acids are formed, and these can be hydrolysed {Oatter- 
man, B. 1899, 32, 1116): 

CjHfl + a.OO-NH, = CeHj.CO.NHj + HCl. 

(d) By the action of sodium upon a mixture of a brominated 
benzene and ethyl chloro-carbonate {Wurtz\\ in this case the 
esters are first formed, but these are readily hydrolysed: 

CeH4Br + a.OO,G^5 + 2 Na = CaHj.COjCyE^ + NaBr + NaCl. 

(c) The phenolic acids are formed by passing carbon dioxide 
over heated sodium phenates {Kolhe\ see Salicylic acid): 

CeH^-ONa + COj = OH.CeH4.CO,Na. 

In the case of the polyhydroxy-phenols, e.g, resorcinol, an acid 
is often formed bv merely heating the phenol with a solution 
of ammonium carbonate or potassium bicarbonate (B. 13, 930). 

(/) ^Hvdroxy-acids are formed by the action of carbon 
tetrachloride upon phenols in alkaline solution (B. 10, 2185; 
TiemannrReimer reaction; cf. p. 455): 

CeHfi-ONa + CQ. = CeH/Om-OCl. + Naa. 

CeH4(OH).CCl8 + 4 NaOH = CeH4(OH).COj^^a + 3 NaCl + 2H2O. 

(g) By heating the sulphonates with sodium formate {V. 
Meyer) \ 

CoH^.SOsNa + HCOjNa = CeHfi.COjNa + HSOaNa. 

(A) By the action of carbon dioxide on ethereal solutions of 
organo-magnesium compounds •(GWgTiard’a reagents), and sub- 
sequent treatment with acids: 

CeHft.Mg.Br + OOj — Cffi^-CO^-MgBr — CeH5.CX>,H. 

6. Syntheses by the aid of ethyl aceto-acetate and ethyl 
malonate. 

Ethyl aceto-acetate reacts with the halide derivatives which 
are substituted in the side chain, e.g, benzyl chloride, exactly 
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as in the fatty series, with the formation of the more com- 
plicated ketonic acids, which again are capable of undergoing 
either the “acid hydrolysis” or the “ketone hydrolysis^ 
(p. 234), e.g.: 

C,H..CH,Ca + CH,.CX).CHNa.CO,Et 

= CH,.CO.CH(C!H,C«H5)-OO^t + Naa 
Benzyl-aoeto-acetio ester. 

CH8-CO-CH(CHo.CflH5).CO«Et + 2B.fi 

= CeHft-CHj.CHa.COjH + CHs.COsH + EtOH 
^-Phenyl-propionic acid. 


Ethyl phloroglucinol dicarboxylate, (0H)3-0-H(C02Et)«, 
may be synthesised by heating ethyl sodio-malonate with 
ethyl malonate at 145® {Moore^ J. C. S. 1904, 165). 

7. Hydroxy-acids and keto-acids are formed by exactly the 
same methods as in the fatty series ^pp. 213 and 214), e.g. 
mandelio acid by the combination of hydrogen cyanide with 
benzaldehyde, and hydrolysis of the nitrile thus formed (B. 14, 
239, 1965): 

CaHg.CHO + HCN = CeH8.CH(OH).CN; 


or from phenyl-chloro^acetic acid (B. 14, 239): 

CflHfi-CHa-COjH-l-KOH = CflH6.CH(0H).C02H -f KQ. 


B. The following are some of the commoner methods em- 
ployed for the preparation of nnsatnrated acids: — 

1. From the mono-haloid substitution products of the satu- 
rated acids by the elimination of halogen hydracid (cf. p. 169); 
also from the corresponding nitriles, primary alcohols, &c., as 
in the case of the saturated compounds. 

2. According to the so-called PerUn synthesis, by the action 
of aromatic aldehydes upon the sodium salts of fatty acids in 
the presence of a condensing agent, usually acetic anhydride. 
Thus, when benzaldehyde is heated with acetic anhydride and 
sodium acetate, cinnamic acid is formed: 

CeHj.CHO + CHs-OOjNa = G^B^-CB:CB-CO^B. + Bfi. 

The acetic anhydride probably acts as a dehydrating agent 
in this instance, tne reaction talang place between the sodium 
acetate and the aldehyde (cf. A. 216, 101). Hydroxy-acids are 
formed as intermediate products by a reaction similar to the 
“aldol condensation ” (p. 137) ; in the above case, for instance, 
jS-phenyl-hydracrylic acid, C 5 H 5 «CH( 0 H)*CH 2 *C 02 H. 
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When the sodium salt and the anhydride of two different 
acids, sodic propionate and acetic anhydride, are used, the 
product varies with the conditions (B. 1901, 34, 918), but 
usually consists of a mixture of two unsaturated acids. 

This reaction also takes place with the hydroxy-aldehydes, 
with the homologues of acetic acid, and also with dibasic acids, 
t.g, malonic; but all acids employed must contain a OH^ group 
in the a-position with respect to the CO^H, €,g , : 

CeH5.CH:0+CHj.CH2.C0aNa = H20+CeH5.CH:0(CH3).CX)8H 

a-Methyl-cinDamio acid. 


It is a very general method used for the preparation of 
a:)8-unsaturated acids; in certain cases, e,g, a-phenyl-cinnamic 
acid, CgH 5 *CH:C(CgH 5 )*C 02 H, and its nitro-derivatives, two 
stereo-isomerides are produced corresponding with the two cro- 
tonic acids or with fumaric and maleic acid. 

Unsaturated monobasic acids are also formed when aromatic 
aldehydes are heated with malonic acid in presence of ammonia, 
aniline, or other amines {Knoevenagd ) : 

CaH5.CH:;0 + H2C(C0aH)2 = CeHfi-CH-.OCCOjH), 

= CeHfi.CHtCH.COjH -f OOj. 


The esters of these acids are formed when aromatic aldehydes 
are condensed with the esters of fatty acids in the presence of 
sodium ethoxide (Claisen^ B. 23, 976; cf. Claisen condensation, 
p. 232). 

3. Cinnamic acid is also formed by the action of benzal 
chloride upon sodium acetate (Caro): 

CflHg.CHCla + CH5-(X)2H = C^^-CR:CH>(X)JEL + 2Ha. 


4. By the action of aceto-acetic ester upon the phenols in 
presence of concentrated HgSO^, unsaturated phenolic acids or 
their anhydrides (B. 16, 2119; 17, 2191) are formed, e,g.: 


CeH,OH + 


OHCMe:CH 

BO-CO 

(FBeudo-form) 


^ „ /CMe:CH „ 

= 


Metbyl-cumarin. 


A. Monobasic Aromatic Acids 

Constitution and Isomers . — The cases of isomerism in the 
aromatic acids are easy to tabulate. An isomer of benzoic 
acid is neither theoretically possible nor actually known. 
Carboxylic acids of the formula CgHgOg may, however, bo 
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derived from toluene the entrance of carboxyl either into 
the benzene nucleus or into the side chain, thus: 


o-m-p-Toliuo aclai 



The nature of their oxidation products yields proof of their 
constitution, the former yielding the phthalic acids, and the latter 
benzoic. 

Of acids O^HiAOg, a large number of isomers are already 
known (see table). Hydrocinnamic acid and hydratropic acid 
are phenyl-propionic acids, the former jS- and the latter a-, 
corresponding with the lactic acids; the isomeric relations of 
the fatty acids thus repeat themselves here. The tolyl-acetio 
acids, CHg-C^.-CHg'COjH, and the ethyl-benzoic acids, 
OAHg-CgH^-COgH, stand in much the same relation to each 
otner as aceto-acetic acid, CHg-CO-CHg-COgH, to propionyl- 
formic acid, CoH^-CO-COgH, and they all yield phthalic acids 
when oxidized. Lastly, mesitylenic acid and its isomers are 
dimethyl-benzoic acids, and are oxidizable to benzene-tricarb- 
oxylic acids. 

As instances of isomers among the unsaturated acids, we may 
take cinnamic and atropic acids (analogous to )8- and orchlor- 
aciylic acids, p. 174). 

Further, the hydroxy-toluic acids, CgIL(CHQ)(0H)(C02H), 
are isomeric with mandelic acid, CgH«*CH(OH)*CO«H, the 
former being oxidized to hydroxy-phthalic acids, CgHj^OH) 
^(LH) 2 , and the latter to benzoic acid ; the h^drocoumaric acids, 
Opfl^oOg, are likewise isomeric with tropic acid. The first-named 
yield hydroxy-benzoic acids on oxidation, and the last benzoic. 

Differences are apparent, e,g. in respect to reducibility, 
according as the carboxyl is linked directly to the nucleus or 
to a side chain ; the amides of the respective acids are in the 
former case reduced to the corresponding alcohols, but not in 
the latter. (Cf. B. 24, 173.) 


1. MONOBASIC SATURATED ACIDS 

Benzoic acid, CgHg^GOgH, was discovered in gum benzoin 
in 1608, and prepared from urine by Scheele in 1785. Its 
composition was established by Liebig and Wohlei^s classical 
researches in 1832. It occurs in nature in gum benzoin, 
from which it may be obtained by sublimation (‘^acidum 
benzoicum ex resina”); also in dragon’s-blood (a resin), in 
Peru and Tolu balsams, in castoreum, and in cranberries. It 
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is present in the urine of horses in combination with glycocoll 
as hippuric acid, from which it may be obtained by hydrolysis 
with hydrochloric acid (“acidum benzoicum ex urina”). It 
is obtained on the large scale (^'ac. benz. ex toluole”) as a 
by-product in the manufacture of oil of bitter almonds from 
benzyl chloride or benzal chloride. The acid may also be 
formed by heating benzo-trichloride with water to a some- 
what high temperature: 

CeH,.Ca8 — CA.qOH), — CA-CO-OH. 

Benzoic acid is also present in coal-tar. It crystallizes in 
colourless glistening plates or flat needles, sublimes readily, 
and is volatile with steam ; its vapour has a peculiar irritating 
odour, and ^ves rise to coughing. It melts at 121®, boils at 250°, 
and is readily soluble in hot water, but only sparingly in cold. 
When heated with lime, it is decomposed into benzene and car- 
bon dioxide. It is used in medicine and in the manufacture of 
aniline blue. Some of its salts crystallize beautifully, cal- 
cium benzoate, (C8H5-C02)2Ca + 3EUO, in glistening prisms. 

From the partially or wholly reduced benzene molecule 
there are derived (a) the dihydro-benzoic acids, *00211, 
of which five are theoretically possible, according to the 
position of the double linkings, viz. A-l:3-, A-l:4-, A-l:5-, 
A-2:4-, and A-2: 5-dihydro-benzoic acids, but only two known 
(B. 1891, 24, 2623, and 1893, 26, 454); (b) the tetraiydro- 
benzoic aci^, C^Hg *00211, all three of which are actually 
known, viz. A-1-, A-2-, and A-3-tetrahydro-benzoic acids (X 
271, 231); and a hexahydro-benzoic acid, 0gHjj*002H {hescor 
methylene<arboxglic acid), which is found in the petroleum from 
Baku, and which can also be prepared from benzoic acid. 

The Esters, e,g. methyl benzoate, OgH^ *0020113, b.-pt. 199®, 
and ethyl benzoate, 03H5*00«02H5, b.-pt. 213®, are always 
prepared by the catalytic metncA of esterification (p. 180), 
namely, by boiling the acid for three to four hours with a 
3-per-cent solution of dry hydrogen chloride or of concentrated 
sulphuric acid in the requisite alcohol (A\ Fischer and Speier, 
B. 1895, 28, 3252). They may also be obtained by the other 
general methods for the preparation of esters: (a) by the action 
of an acid chloride on the alcohol alone, or in presence of alkali 
(Schotten, Baumann) or of pyridine (Einliorn and Hollandt, 
Abstr. 1899, 1, 577); (6) by the action of an alkyl iodide on 
the silver salt of the acid; and (c) by the action of alkyl 
sulphates, more especially methyl sulphate, on aqueous solu- 
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tions of the alkali salts of the acids (fFemer and Set/bold, B. 
1904, 37, 3658). These esters are liquids of pleasant aromatic 
odour which boil for the most part without decomposition, 
and frequently serve for the recognition and estimation of 
alcohols. They may be hydrolysed in much the same manner 
as the aliphatic esters, although as a rule not so readily. 

Benzyl benzoate, CgHg-COg-CHj-CgHj, is present in the 

balsams of Peru and Tolu. 

Benzoyl chloride, CgHg-CO-Cl {Liebig and Wohler), ob- 
tained by the action of phosphorus pentachloride on the acid, 
is the complete analogue of acetyl chloride, but more stable 
than the latter, since it is only slowly hydrolysed by cold 
water, although quickly by hot. It is a colourless liquid 
boiling at 198 , and has a most characteristic pungent odour. 
It is prepared technically hy chlorinating benzaldehyde. 

Benzoic anhydride, (Gerhardt), is exactly 

analogous to acetic anhydride. It crystallizes in prisms in- 
soluble in water, boils without decomposition, and becomes 
hydrated on boiling with water. M.-pt. 39®. 

In addition to the ordinary anhydrides or oxides, peroxides 
of the type benzoyl peroxide or benzo-peroxide, 0gHr*C0*0* 
O'CO'CgHg, are known. They may be obtained by the action 
of the acid chloride on a cooled solution of sodium peroxide 
(B. 1900, 33, 1575, and C. C. 1899, 2, 396). Benzo-peroxide 
crystallizes from alcohol in prisms, melts at 106®~108®, is 
relatively stable, and is insoluble in water. When its ethereal 
solution is mixed with sodium ethoxide, the products formed 
are ethyl benzoate, and the sodium salt of perbenzoio acid, 
CgHg*C0-0*0H, a hygroscopic acid melting at 41®-43®. It 
has a strong odour resembling hypochlorous acid, is readily 
volatile, but decomposes violently when heated, and is a 
strong oxidizing agent Many aliphatic and aromatic acids 
yield similar derivatives. 

Benzamide, CgHg-GO^NHg, corresponds with acetamide, and 
is prepared from benzoyl chloride and ammonia or ammonium 
carbonate. It forms lustrous, naereous plates, melting at 130°, 
boils without decomposition, and is readily soluble in hot water. 

The amido-hydrogen of benzamide may be substituted by 
alkyl radicals such as phenyl, &c., with the formation, e.g. of 
benzanilide, CaH<-CO«NHCgHg, the anilide of benzoic acid, 
a compound whicn can be readily prepared from aniline and 
benzoic acid, or aniline and benzoyl chloride. It crystallizes 
in colourless plates, melts at 158®, distils unchanged, and is 
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the complete analogue of acetanilide, but is more difficult to 
hydrolyse, fusion with potash being one of the best methods. 

Thio-benzamide, 0-H.*CS*NH^ is obtained by the union 
of benzo-nitrile with hyarogen sulphide, or by heating benzyl- 
amine with sulphur. 

Benzoyl-hydrazine, Benzhydradde^ OgHj-CO-NH-NH^ ob- 
tained from ethyl benzoate and hydrazine hydrate, melts at 
112*^, and with nitrous acid yields benzoyl-azimide, henzazide^ 

which yields benzoic and hydrazoic acids on 

hydrolysis. (Cf. Cwrtius, Abstr. 1895, 1, 32.) 

Met^c derivatives of benzamide are also known, e,g, ben- 
zamide silver. TUherley (J. C. S. 1897, 468; 1901, 407) has 
shown that the silver derivative exists in two forms : a white 

compound, which is stable and is probably and 

an unstable orange compound, CgH«*CO*NHAg. These two 
metallic derivatives correspond with the pseu£) and normal 

formulas for benzamide, viz. and OgHg-CO-NHy 


From the pseudo form are derived imino-ethers (cf. p. 192). 

Hippurio acid, BeTizamino-acetic addy CgH.'CO^NH-CHg* 
COgH, is an amino-derivative of benzoic aci^ being derived 
from the latter and gly cocoll (amino-acetic acid); it may be 
prepared by heating benzoic anhydride with glycocoll (B. 17, 
1663), and is present in the urine of horses and of other her- 
bivora. When benzoic acid or toluene is taken internally, it 
is eliminated from the system in the form of hippuric acid. 
It crystallizes in rhombic prisms, sparingly soluble in cold 
water but readily in hot, decomposes when heated, and forms 
salts, esters, nitro-derivatives, &c. When hydrolysed with con- 
centrated hydrochloric acid it yields glycocoll hydrochloride 
and benzoic acid. 

Benzo-nitrile, CgHgCN (cf. p. 463), is an oil which smells 
like oil of bitter almonds, and boils at 191°. It is prepared 
either by the action of PClg upon benzamide (p. 190), or by 
distilling benzoic acid with ammonium thiocyanate. It pos- 
sesses all the properties of a nitrile, combining slowly with 
nascent hydrogen to benzylamine, readily with halogen hydride 
to an imino-cmoride, with amines to amidines (p. 194; cf. A. 
192 , 1), with hydroxylamine to amidoximes (p. 195). With 
hydrogen peroxide it yields benzamide. 
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Substituted Benzoic Acids. — The hydrogen atoms of ben- 
zoic acid are replaceable by halogen with the formation 
of chloro-henzoio acid, O^H^Cl^CO^H. In such formation of 
mono-substitution products the halogen takes up the meta- 
position with respect to the carboxyl. Nitric acia (especially 
a mixture of nitric and sulphuric acids) nitrates it readily, 
m-nitro-henzoic acid being the chief product, together with a 
smaller quantity of the ortho- and a very little of the para-acid. 

The (h and p-halogen and nitro-compounds are usually pre- 
pared by indirect methods, : 

o-CHj-CeH^.NOa CO8H-CeH4.NO, 
or 2:4-CeH8Br8.NH8 CeHsBrj-CN CeHeBrj-COaH. 

In the preceding pages attention has been drawn repeatedly 
to the influence which a radical, already present in the benzene 
molecule, exerts on the position taken up by a second radical 
entering the molecule. As examples we nave: 

C»H»Br — ^ p.C«H4Bra; CeHa-OH — - o-0:p.C.H»Br».OH. 

C«H*.NO, m.CJl4(NO,)2; OJH4.NH, o-o.p.C.H 3 r 3 -NH.. 

Cjai.SO,H m.C«H4(SO,H),; 0 «H«.CH 0 — m.NO,.C«H4.CHO. 

CA-CH, o-andp.CH,.C«H4*NO*. 

CeH^-NH, — o.orp.NH,.C,H4.SOsH. 

The following rules will be found to apply to most cases: — 

I. If the radical already present is Cl, Br, I, OH, NHg, or 
CHg, then, by the introduction of Cl, Br, I, NOg, or SO3H 
radicals, para- and to a certain extent ortho-compounds are 
formed, and only very exceptionally meta-compounds. 

II. If the radical present is NOg, SO3H, CHO, or COgH, 
then, on chlorination, bromination, nitration, or sulphonation, 
meta-compounds are formed. (See Crum Brmn and Gibson^ 
J. C. S. 1892, 367. For details cf. Obermuller, Die Orientierende 
Einfliisso in der Benzolkern, 1909; HolleTmm, Die Direkte 
Einfiihrung von Substituenten, 1910; alsoPrirw, Abs. 1919, i, 71.) 

In many reactions all three isomeric products have been 
isolated, but in very different quantities; thus at 0° benzoic 
acid yields 80*2 per cent of m-, 18*6 of 0-, and only 1*3 of 
^nitro-benzoic acid; at 30° nitrobenzene yields 91 per cent of 
m-, 8 of 0-, and 1 of j[?-dinitro-benzene. It is probable that 
the three isomerides are also formed in other cases which have 
not been examined so carefully. The temperature at which 
the substitution occurs also appears to determine to a certain 
extent the relative proportions of the isomers formed. 
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When two or more substituents are already present, it is 
difficult to predict the position which a new group, e.g, NOg, Br, 
will assume. The groups present may have opposing effects 
on the entrant or they may have a cumulative effect. As a 
rule, in the chlorination of a mixed benzene derivative the NHg 
group has the greatest directing influence, and then follow 
OH, OMe, and NHAc (B.A. Rep. 1915, 83; Fuchs^ M. 1917, 
38, 331). Occasionally unexpected results are obtained, thus 
the acetyl group when introduced into sym, Tw-xylenol methyl 
ether (4:5-dimethylanisole) takes the o- and not the p-position 
relative to the OMe group. {Auwers, B. 1915, 48, 90.) Sub- 
stitution in the veratrole (l:2-dimethoxy benzene) series has 
been studied in detail {Jones and RoUnson^ J. 0. S. 1917, 111, 
903). When veratrole is brominated or nitrated, it yields 
the 4-substituted derivative, and when further nitrated or 
brominated, the 4: 5-substitution products, Le, the Br and NOg, 
enter the positions para to the OMe groups. An exception is, 
however, met with in the case of 4-nitroveratrole, which on 
bromination yields 6-bromo- 4-nitroveratrole. When an ortho- 
substituent is already present in the veratrole molecule, the 
position taken up by the entrant is generally influenced by 
the polarity of the first substituent, in the sense that when 
this is positive it enhances, and when negative counteracts the 
influence of the neighbouring OMe groups, e.g , : 

OMe OMe OMe OMe 



With a 4:5-disubstituted deri'vative a further NOg group 
takes up the position ortho to the more negative substituent. 


OMe OMo OMe OMe 



Vbrlander (B. 1919, 62 B, 263) gives the following classifi- 
cation. 1. Meta-orientating: SOoH, NOg, CHO, COgH, COgR, 
CONHg COR, CO. COgH, CN, CCI3, NH3X, NR3X. 2. Ortho- 
and para- orientating; OH, OR, OAc, NHg, NHR, NRo, 
NHAc, N:N, CH3 &c., CH^Cl, CHg-O-NOg, CH^-SO^H, 
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CHo.NHo, CHg.ON, CH2.C0,H, CHo.CHo.COgH, CH:CH. 
CO 2 U CHrCHNOg, CiC-CO^H, CgH^. 

Fdrlander regards the carbon atoms in the benzene ring as 
being alternatively positive and negative, and represents nitro- 
benzene and aniline by the formulae: 


I 



The — indicates greater tension and the — lesser. It is 
claimed that such formulae account for the great stability of 
nitrobenzene as compared with aniline, and also why on 
nitration or bromination I gives m-derivatives and II ortho- 
and para-. 

Substituted Benzoic Acids 


Acid 

Benzoic 

o-Methyl-benzoic, 
m-Methyl-beiizoic. 
^o-Methyl-benzoic, 
o-Bromo -benzoic.. 
/w-Bromo-benzoic 
jP-Bromo-benzoic .. 
o-Nitro-benzoic. . . 
m-N itro-benzoic . . . 
^-Nitro-benzoic. .. 
o- Amino-benzoic., 
m- Amino-benzoic.. 
^-Amino-benzoic . 


Ethyl eater. 


M..p. 

K. 

M..p. 

B..p. 

121® 

0006 


211® 

106® 

0-012 

• •• 

220® 

110® 

0-00514 

• ee 

226® 

180® 

0-00516 


228® 

160® 

0-145 

• •• 

254® 

165® 

0-0137 

• • • 

269® 

251® 

... 


262® 

148° 

0-616 

30® 

• •• 

141® 

0-0345 

47® 

298° 

240® 

0-0396 

67® 

,,, 

145® 

0-001 

13® 

267® 

176® 

0-003 

... 

294® 

186° 

0-001 

00 

... 


The numbers for K given in the table indicate that the 
introduction of negative radicals, e.g. NOn, Br, &c., more 
especially into the ortho-positi6n, markedly increases the 
strength of the acid, whereas the introduction of positive 
radicals, e,g. the amino-, more especially into ortho-positions, 
tends to weaken the acid (cf. p. 174). 

Chemical Retardation and Influence of Substituents (cf. 
p. 181). — Within recent years a number of examples of the 
retardation of complete inhibition of chemical reactions by the 
presence of ortho-substituents have been discovered. One of 
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the best known examples of this is met with in the esterifi- 
cation of aromatic acids by the hydrogen chloride catalytic 
method. Kellas (Zeit. Phys. Chem., 1897, 24, 221) has shown 
that even one ortho-substituent, whether it be CH3, NOg, Br, 
&c., retards the formation of ester ; and V, Meyer and Sudborough 
(B. 1894, 27, 510, 1580, and 3146) have shown that when two 
such ortho-substituents are present an ester is not formed 
at all.* The cause of this retardation and inhibition is now 
generally supposed to be due to the fact that in the formation 
of an ester an additive compound of the acid and alcohol, 

O.H..O^g + CH,.OH = CeHj.C^H^ = 

is first formed, that this compound then decomposes into the 
ester and water, and that the spatial arrangements are such 
that ortho-substituents are so close to the carboxylic group 
that they interfere with the formation of an additive com- 

{ lound, and thus retard or inhibit esterification {Wegscheidet'). 
n confirmation of this view we have the fact that o-substituents 
do not interfere to nearly the same extent when the carboxylic 
group is removed some distance, e.g» by the interposition of a 
chain of carbon atoms. The acid, 

Br 

Bi/ \ .CHa-CHg-COgH, 

Br 

5-tribromo-hydrocinnamic acid, for example, is readily esterified 
under the usual conditions. Other cases of chemical retarda- 
tion due to (^-substituents have been met with in the hydro- 
lysis of substituted benzo-nitriles. 

Di-ortho-substituted benzoyl chlorides and benzamides and 
benzoic esters are also remarkably stable and difficult to 
hydrolyse to the acids {Sudborough, Ira Remsen), Di-ortho- 
substituted ketones, e,g, 2:6-dimethylacetophenone, cannot be 
converted into oximes {V, Meyer), and di-ortho-substituted 
tertiary amines, 2:6-dibrom()-dimethylaniline, cannot yield 
quaternary ammonium salts (p. 403) {E, Fischer). 

That ortho-substituents do not retard or inhibit all chemical 
actions is shown by the fact that esters of di-ortho-substituted 
benzoic acids may be obtained by other methods, viz. the 
action of the alcohol on the acid chloride, and the action of 

* Esters of such aci(3s can be prepared by heating the acids with alcohol 
to high temperatures. 
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alkyl iodide on the silver salt of the acid, or of methyl sul- 
phate on an alkali salt of the acid. 

In certain reactions the presence of ortho-substituents ap- 
pears to favour or accelerate a chemical reaction ; examples of 
this are to be met with in the diacetylation of arylamines 
(Svdboroughj J. C. S. 1901, 79, 533) and in the chemical re- 
activity of picryl chloride, 2:4:6-trinitrochlorobenzene, and 
similar compounds. The reactivity of various substituents, 
such as Cl, NHg, &c., which are in the o- or p-position with 
respect to a nitro-group, has been noted previously (pp. 386, 
398, 439). A simple explanation of this reactivity may be due 
to the formation of an a- or p-quinonoid additive product. 
Thus in the action of alkalis on ()-nitraniline: 



NO 2 

NH 2 


-fKOH 


fVN<§H 

U<ot 


NH,+ 



NO2 

OK 


where the NHg group is replaced by OK, an ortho-quinonoid 
compound may be formed as indicated above, and this by the 
loss of ammonia would yield the potassium ()-nitro-phenoxide. 

The amino-benzoic acids, NHg-CgH^-COgH, which are ob- 
tained by the reduction of the nitro-acids with tin and hydro- 
chloric acid, &c., are interesting, as they are both bases and 
acids, ie. amphoteric, and therefore similar to glycocoll in 
chemical character; they combine with hydrochloric acid, 
chloro-platinic acid, &c., as well as reacting with mineral 
bases to yield metallic salts. With regard to their consti- 
tution, cf. Glycocoll, p. 220. With nitrous acid they yield 

diazo-benzoic acids, which correspond with 

the diazo-benzene-sulphonic acids (p. 431). 

The salts derived from amino- and hydroxybenzoic acids are 

/NH2 

frequently represented by formulse of the type, 

in which the metal is attached to 0 or N by subsidiary 
valencies. Such a formula accounts to a certain extent for 
the fact that silver salicylate and tetraacetobromoglucose 
^hap^. XLII, B.) yield both OH-CgH 4 *COOX and 
OX-CgH 4 -COOH, where X = the tetracetylglucose residue 
(.CH-CHOAc-CHOAcCH-CHOAc-CHa-OAc). 
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(^-Amino-benzoic acid is also obtained from phthalimide, 
CO 

by the Hofmann reaction (cf. Amides, be- 
haviour of, par. 5), and by the oxidation of indigo with man- 
ganese dioxide and caustic soda, and is often termed anthra- 
nilic acid; it forms (in contradistinction to the Wr and j?-acids) 

an intramolecular anhydride, anthranil, and is 

an important intermediate product in the synthesis of indigo. 
The methyl ester is an important constituent of the essential 
oil of orange-blossom. 

The sul^o-benzoic acids, 0H«S02*CgH4*C0-0H, are di- 
basic acids. An ammonia derivative of o-sulpho-benzoic acid 

is the sweet substance “saccharine”, CgH4<^0Q2^NH, i.e, 

c-sulpho-benzimide, or ()-benzoyl-sulphone-imide, an imide com- 
parable with succinimide. It is a white crystalline powder, 
almost three hundred times as sweet as cane-sugar, and is used 
to some extent in place of the latter. 

Acids, OgHgOg. — 1. The three toluic acids, CHg^CgH^ *00211, 
can be prepared from the three xylenes. ^-Toluic acid is ob- 
tained from ^toluidine, by transforming it — according to the 
Sandmeyer reaction — into ^-cyano-toluene and hydrolysing the 
latter (A. 268, 9). Isomeric with them is — 

2. Phenyl - acetic acid, a -Toluic acid, CgHg • CHg • COj^H 
(Cannizaro, 1855). — This acid differs characteristically from its 
isomers by its behaviour upon oxidation (see p. 469). It may 
be obtained synthetically from benzyl chloride and potassium 
cyanide, benzyl cyanide, CgHg-CHg-CN (b.-pt. 232°), being 
formed as intermediate product; it crystallizes in lustrous 
plates, melts at 76°, and boils at 262°. 

It is capable of undergoing substitution either iu the benzene 
nucleus or in the side chain. 


Phenyl-chloracetic acid, CgH. *01101 *00211, and phenyl- 
simino-acetic acid, 0gH5*0H(NIl2)*002H, compounds which 
possess precisely the same character as mono-chloracetic and 
amino-acetic acids. Isomeric with phenyl-amino-acetic acid are 
the three amino-phenyl-acetic acids, NHg *0^114 *0112*00^11, 
of which the o-acid is interesting on account of its close relation 
to the indigo-group. It does not exist in the free state, but 
forms an intramolecular anhydride, oxindole (Ohap. XXXV): 

-f- HjO. 
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The formation of an intramolecular anhydride is of very 
frequent occurrence in ortho-amino-compounds of this kind, 
in contradistinction to the m- and j?-compounds (see Indole). 
Theoretically, it may take place in the above instance in two 
different ways, viz. either by the elimination of a hydrogen 
atom of the amino-group together with OH of the carboxyl, or 
of both of the amino-hydrogen atoms with the oxygen atom 
from the carbonyl-group. These two cases are distinguished 
by Baeyer as Lactam formation and '^Laotim formation’’. 
Oxindole is the lactam of o-amino-phenylacetic acid, isafcin, 
NH 

CeH 4 <^QQ^CO (p. 653), the lactam of o-amino-phenylgly- 

oxylic acid, NHo-CgH^-CO-CO-OH, and carbostyril (p. 482), 
✓N=C'OH 

• , the lactim of o-amino-cinnamic acid. 

Both lactams and lactims contain hydrogen which is readily 
replaceable; in the former case it is present in the amino- 
group, and in the latter in the hydroxyl. 

If the compounds which result from the replacement of 
hydrogen by alkyl are very stable, the alkyl in them is 
linked to the nitrogen, and they are derivatives of the lac- 
tams; if, on the contrary, they are easily saponifiable, the 
alkyl is linked to oxygen, and they are ethers of the lactims. 
Many lactams and lactims react as tautomeric substances (cf. 
Isatin and chapter on Constitution and Physical Properties). 

Acids, CgH^QO^. — 1. Dimethyl-benzoic acids, 
acids^ CgH3Me2-C02H. Of these six are possible, and four 
are known. Mesitylenic acid, (COgH : CHg : CHg = 1:3:5), is 
prepared by the oxidation of mesitylene. Isomeric with them 
are — 2. The Phenyl-propionic acids. 

j8-Phenyl-propionic acid or hydrocinnamic acid, CgHg-CHg* 
CHg • COgH, is prepared by reducing cinnamic acid with sodium 
amalgam, or with hydrogen in presence of colloidal palladium, 
and is also formed during the decay of albuminous matter. It 
crystallizes in slender needles ;*m.-pt. 48°, b.-pt. 280^ 

Many substitution products of this acid are known, among 
which may be mentioned o-nitro-oinnamic acid dibromide, 
NOp-CgH^-CHBr-CHBr-COgH, a compound nearly related 
to indigo (p. 555); further, j8-phenyl-a-amino-propionic acid 
(phenyl-alanine), C^Hg • CHg • CH(NH«) • C(yi, and j8-phenyl- 
p-amino-propionic acid, C 3 H.*CH(NH 2 )*dH 2 *C 02 H, both of 
which can be prepared synthetically, the former being like- 
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wise produced during the decay of albumen and during the 
germination of Lupinus Mens, 

(T-Amino-hydrocinnamic acid, NHg-CgH^-CHg-CHg-COjjH, 
is not stable, but is immediately transformed into its lactim, 
hydrooarbostyril (cf. quinoline, Chap. XXXVIII, A. 2). 

Hydratropio acid, a-Phenyl-prc^nic add, CHg-CH^CgHg)* 
COoH, is obtained — as its name implies — by the addition of 
hydrogen to atropic acid. It is liquid and volatile with steam. 

2. MONOBASIC UNSATURATED ACIDS 

1. Cinnamic acid 

occurs in Peru and 
bo prepared as given at p. 464. It crystallizes in needles or 
prisms, dissolves readily in hot water, melts at 133°, and boils 
at 300°. When fused with potash, it is split up into benzoic 
and acetic acids; it also yields benzoic acid when oxidized. 
It yields salts, esters, &c.; also additive compounds, with 
chlorine, bromine, hydrogen chloride, bromide, iodide, and 
also with hydrogen and hypochlorous acid, e.g. cinnamic acid 
dibromide (j8-phenyl-a-j3-dibromo-propionicacid), CgHg-CHBr* 
CHBr-COgH. Further, the hydrogen in the benzene nucleus 
may be replaced by Cl, Br, NO^, NHg, &c. 

Cinnamic Acids. — According to the ordinary stereo-chemical 
theory of unsaturated compounds, two cinnamic acids of the 
formula CgH^ • CH : CH • CO^ should exist (cf. Maleic and 
Fumaric acids, p. 251). Two have been known for some 
time, viz. storax-cinnamic acid, melting at 134°, and allo-cin- 
namic acid, melting at 68°, and prepared by reducing j8-brom- 
allo-cinnamic acid with zinc and alcohol, or by reducing 
phenyl-propiolic acid with hvdrogen and finely divided palla- 
dium. But, in addition to tnese, several other cinnamic acids 
have been described (for summary see Erlenmeyer, Biochem. 
Zeitsch. 1911, 34, 306): {a) lAebermann^s iso-cinnamic acid 
(B. 1890, 23, 141, 512), melting at 58°-59°; this occurs 
naturally together with the alto acid in cocaine alkaloids, and 
may also be obtained by fractionally crystallizing the brucine 
salt of allo-cinnamic acid (B. 1905, 38, 2562), and decomposing 
with acid, or by the action of an alcoholic solution of zinc 
bromide on allo-cinnamic acid (B 1905, 38, 837). {b) Erlen- 

meyer^s iso-cinnamic acid, melting at 37°-38°, and obtained by 
reducing o-brom-allo-cinnamic acid with zinc and alcohol (A. 
1895, 287, 1; B. 1904, 87, 3361). (c) Triclinic cinnamic 9 .cid, 


, aH..CH:CH.C02H(rr(?mm5rfc?r/, 1780), 
Tolu balsams and also in storax, and may 
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melting at 80®. {d) Hetero-cinnamic acid, m.-pt. 131®. It is 

probable that the alio- and two iso-acids are trimorphous forms 
of the same substance {Biilmann^ R 42 , 182, 1443, 43 , 568). 
They appear to give the same melt as shown by examination 
of refractive indices {St6bhe\ and solubilities {Meyer\ and also 
to give the same solutions as shown by their electrical conduc- 
tivities {Bjerum^ B. 43 , 571), and absorption spectra (Stobbe, 
ibid., 504). Any one of the three acids can be obtained from 
the melt by impregnating under suitable conditions with a 
crystal of the desired form; and even the solids are mutually 
transformable (Stobbe, B. 44 , 2735; Meyer, 2966; Stobbe and 
Schbnberg, A., 1913, 402 , 187). 

Other authorities deny the existence of the hetero acid (B. 
43 , 453, and Abs. 1919, i, 486). 

According to Stoermer and Heymann ordinary cinnamic acid 
has the trans and the alio acid the cis configuration. This 
conclusion is based on the fact that the o-amino-allo-cinnamic 
acid which yields coumarin (p. 490) when diazotized and boiled 
with water, and hence the acid in which the benzene nucleus 
and the COgH group are in cis positions, is the acid which 
yields allo-cinnamic acid when the amino-group is removed. 
And the isomeric amino-acid which yields o-coumaric acid is the 
one which gives ordinary cinnamic acid (B. 1912, 46 , 3099). 

Although some six cinnamic acids are known, only two 
a-bromo-cinnamic acids and two /?-bromo-cinnamic acids have 
been prepared. The a-bromo- and a-brom-allo-cinnamic acids 
are obtained by the elimination of hydrogen bromide from 
cinnamic acid dibromide: 

CeHfi.CHBr.CHBr.COjH-HBr = C6H5.CH:CBr-CX)2H, 

or its esters, and they melt respectively at 131® and 120®. 
The corresponding /5-acids can be prepared by the addition of 
hydrogen bromide to phenyl-propiolic acid : 

CeHg.CiC-COaH -t- HBr = CeHg.CBriCH.COjH. 

They melt respectively at 135® and 159°. (Compare Svdborough 
and others, J. C. S. 1903, 66§, 1153; 1898, 91; 1905, 1841; 
1906, 105; 1911, 1620.) The two isomerides in each case 
represent the cis and trans forms. The cis forms are charac- 
terized by the readiness with which they yield cyclic indones in 
the presence of sulphuric acid; 

CA.C.H _ /CH:CH\ 

COOH-C.H * *\CO / 


<B480) 


17 
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(h and |?-Nitro-ciiinamic acids, NOg-CgH^-CHrCH-CO^H, 
the first of which is of importance on account of its relation 
to indigo, are obtained by the nitration of cinnamic acid. 
On reduction the former yields o-amino-cinnamic acid, which 
readily yields its lactim carbostyril (a-hydroxy-quinoline). 

2. Alropic acid, CH2:C(CgH5)*C02H, is a decomposition 
product of atropine. It crystallizes in monoclinic plates, and 
can be distilled with steam. It breaks up into formic and 
a-toluic acids when fused with potash. 

3. (7)-Pheiiyl-isocrotonic acid, CgH^ • CH : CH • CHg • COgH, is 
formed when benzaldehyde is heated with sodium succinate 
and acetic anhydride {W. H, Perkin^ sen.^ also Jayne^ A. 216, 
100 ): 


QHfi-CHO + CH2(C02H).CH2-C02H - HjO 
CfiHg • CH . CHCCOgH) . CHg 


O- 


-CO 


= C02 + C6H6.CH:CH.CH2-C02H. 


It is of interest on account of its conversion into a-naphthol 
(see this), 0 |qH.^* 0H, upon boiling. 

4. Fhenyl'propiolic acid, CgHg-C-C-COgH {Glaser, 1870), 
is prepared from cinnamic acid dibromide or its ethyl ester by 
first converting into a-brom-cinnamic acid by elimination of 
hydrogen bromide, and then into the acetylenic acid by 
further elimination (just as ethylene is converted by bromine 
into ethylene bromide, and the latter decomposed into acety- 
lene by potash). It crystallizes in long needles, and melts at 
136°-137°. When heated with water to 120°, it breaks up 
into COg and phenyl-acetylene (p. 377). It can be reduced to 
hydrocinnamic acid and transformed into benzoyl-acetic acid. 

(?-Nitro-plienyl-propiolic acid, NOg • CgH 4 • C • C • COgH 
{Baeyer), is prepared in a manner analogous to that just given, 
viz. by the addition of bromine to ethyl o-nitro-cinnamate and 
treatment of the resulting bromide with alcoholic potash (A. 
212, 240). It is of interest on account of its relation to indigo 
(see p. 565). It breaks up into COg and o-nitro-phenyl-acety- 
lene when heated. 

3. SATURATED PHENOLIC ACIDS 

(For modes of formation, see p. 465.) These acids may also 
be obtained by the oxidation of the homologues of phenol 
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and of the hydroxy-aldehydes, which is effected, among other 
methods, by fusion with alkalis. 

The phenolic acids form salts both as carboxylic acids and as 
phenols, salicylic acid, for instance, the two following classes : 

Mono- aod Di-sodium salicylate. 


The first of these two salts is not decomposed by COj, while 
the second, as the salt of a phenol, is decomposed by it and 
converted into the first. The phenolic acids behave, therefore, 
like monobasic acids towards sodium carbonate. When both 
of the hydrogen atoms are replaced by alkyl, there are formed 
compounds such as CgHgO • C-H4 • COgCgHg, which, as both 
ethers and esters, are only half hydrolysed when boiled with 
potash, e.gi, to C2H50*CgH4*C02H, ethyl salicylic acid. The 
ether acids thus formed possess completely the character of 
monobasic acids, their alphyl radical being only eliminated by 
hydriodic acid at a rather high temperature. (Cf. p. 437.) 

The (?-hydroxy-acids (COgHtOH = 1:2) are, in contradis- 
tinction to their isomers, volatile with steam, give a violet or 
blue coloration with ferric chloride, and are readily soluble in 
cold chloroform. 

The m-hydroxy-acids are more stable than the 0- and com- 
pounds; while most of the latter break up into carbon dioxide 
and phenols when quickly heated, or when acted on by hydro- 
chloric acid at 220°, the former remain unaltered. 

The phenolic acids are much more easily converted into 
halogen or nitro-substitution products than the monobasic 
acids, just as the phenols are far more readily attacked than 
the benzene hydrocarbons. 

Salicylic acid, o-Hydroxy-henzoic acid (COgHiOH = 1:2), 
was discovered by Piria in 1839. It occurs in the blossom of 
Spirma Ulmaria, and as its methyl ester in oil of winter-green, 
&c. It may be obtained by the oxidation of the glucoside 
saligenin; by fusing coumarin,*indigo, o-cresol, &c., with potash; 
by diazotizing o-amino-benzoic acid, &c. (see p. 411). 

Preparation , — Sodium phenoxide is heated in a stream of 
carbon dioxide at 180°~220° A. 113, 125 ; 115, 201, &c.), 
when half of the phenol distils over and basic salicylate of 
sodium remains behind: 


CeHfi.ONa-f 00. = 0H.C«H4.00«Na; 
OH.OoH4.00aNa + CeH5.0Na = ONa-CA-OOiNa 


+ CeH4.0H. 
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When C^HgOK is used, the product is salicylic acid, provided 
the temperature is kept below 160°; at higher temperatures, 
e,g, 220°, the para acid is formed. Mono-potassium salicylate, 
OgH4(OH)*COoK, decomposes in an analogous manner at 220° 
into phenol ana di-potassium j?-hydroxy-benzoate. 

As Kolbe^s original method of preparation converted only 50 
per cent of the phenol into salicylic acid, Schmitt devised the 
following modification : — The sodium phenoxide is heated in a 
closed vessel with carbon dioxide at 130°, and the compound first 

formed, sodium phenyl-carbonate, is thus 


transformed into mono-sodium salicylate by the exchange of 
the -CO-ONa group with the ortho-hydrogen atom of the 
phenyl radical. (Cf. B. 1905, 38, 1375; A. 1907, 351, 313; 
C.C. 1907, ii, 48.) 

Salicylic acid crystallizes in colourless four-sided monoclinic 
prisms, dissolves sparingly in cold water but readily in hot; 
it melts at 155°, can be sublimed, but is decomposed into 
phenol and COj when heated quickly ; ferric chloride colours 
the aqueous solution violet. It is an important antiseptic. 
It forms two series of salts (the basic calcium salt being 
insoluble in water), and two series of derivatives, viz. : (1) as 
an acid it yields chlorides, esters, &c., and (2) as a phenol it 
yields ethers, &c., ethyl-salicylic acid, 056^(0 •0265)002!!. 

Phenyl salicylate, C5H4 <^q qq jj , the ester derived from 

phenol and salicylic acid, and generally termed “Salol”, is 
and is prepared by the action of an acid 
such as POOI3 or OOOI2 upon a mixture of salicylic 
acid and phenol, or by heating the acid itself at 220°. It 
forms colourless crystals. When its sodium salt is heated to 
300°, it undergoes molecular transformation into the sodium 
salt of the isomeric phenyl-salicylic acid, 05H^0*05H4*00^a 
(R 21, 501). Analogous “salols” are obtained from ^tner 
phenols, e.g, jHUsetylaminophenpl yields salophene, 

m-Hydroxy-benzoic acid is prepared by diazotizing 77i-amino- 
benzoic acid. It crystallizes in microscopic plates, dissolves 
readily in hot water, and sublimes without decomposition; 
ferric chloride does not colour its aqueous solution. 


j 9 -Eydroxy-benzoic acid forms monoclinic prisms (+ HgO), 
and ferric chloride gives no coloration with the aqueous 
solution. As a phenol it yields the methyl ether, anisic 



HTDROXT'AGIDS 


485 


acid, C0H4(O*CH3)«CO2H, which can be pre^red by treat- 
ing ^hydroxy-benzoic acid with methyl alcohol, potash and 
methyl iodide, and saponifying the dimethyl derivative first 
formed; it is also formed by the oxidation of anisole. In 
consequence of the phenolic hydroxyl having been etherified, 
it resembles the monobasic and not the phenolic acids, boiling 
— for example — without decomposition; hydriodic and hydro- 
chloric acids at high temperatures decompose it into j?-hy- 
droxy-benzoic acid and methyl iodide or chloride. 

Hydro-para-cotimario acid (1:4^, OH • CHg • CH« • COgH, 

p-p-hydroxy’phenyl^opionk aad^ is produced hy the decay of 
tyrosine, p-hydroxy-phenyl-almiTi^^ OH*C3H^*CHj^*CH(NH2)« 
COgH, and also synthetically from jp-nitro-cinnamic acid: 

NOg.CeH4.CH:CH.OOjH — NHg-C3H4.CHg.CHg.OOgH 
reduced 

diazotized — ► OH'CgH^^CHg'CHg-COgH, 

Tyrosine, which crystallizes in fine silky needles, is found in 
old cheese (rvpos), in the pancreatic gland, in diseased liver, 
in molasses, &c., and results from albumen, horn, &c., either 
upon boiling these with sulphuric acid or from their pancreatic 
digestion or their decay. 

It has also been obtained synthetically, as indicated by the 
following series of reactions: — 


C3H5.CHg.CHO + HCN 


;.CH2.CH(0H)-CN + NHs 
CeH5.CHg.CH(NHo) .CN 

C3H5.CHg.CH(NH2).OOgH 
— NOg.C3H4.Ca.CH^H2).COgH 
— OH.C3H4.CHg.CH(NH2).C 


(Compare also B. 32 , 3638; Am. C. J., 1911, 46 , 368; J. C. S. 
1914, 106 , 1162.) 

Of the numerous polyhydroxy-phenolic acids, the following 
may be mentioned: — 

Protocatechuio aci^ ^A-Iiihydroxy-henzoic add, is obtained 
by fusing various resins, such as catechu, benzoin, and kino, 
with alkali. It may be prepared synthetically, together with 
the 2: 3-dihydroxy-acid, by heating catechol, C3H4(OH)o, with 
ammonium carbonate. It crystallizes in glistening needles or 
plates, and is readily soluble in water; the solution is coloured 
green by ferric chloride, then — after the addition of a very little 
sodium carbonate — blue, and finally red. Like catechol it pos- 
sesses reducing properties. Its mono-methyl ether is vanillio 
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acid, or jp^hydroxy-m-meth^ add, CgH 3 (C 0 oH)( 0 «CH 3 ) 

(OH), which is obtained by the oxidation of vanillin (p. 455); 
its dimethyl ether is the veratric acid of sabadilla seed {Ver- 
atrum Sabmilla), and its methylene ether is piperonylic acid, 

CH 2 <\q^C 3 H 8 *C 02 H, which can be prepared, among other 

methods, by the oxidation of piperic acid (p. 491). 

Gallic acid, S:4::5-Tnhydroxy’benzaic add, C8H2(0H)8C02H, 
occurs in nut-galls, in tea and many other plants, and as gluco- 
sides in several tannins. It is prepared by boiling tannin with 
dilute acids, or by allowing mould to form on its solution, and 
has also been obtained synthetically by various reactions. It 
crystallizes in fine silky needles (+ HgO), dissolves readily in 
water, alcohol, and ether, and has a faintly acid and astringent 
taste. It evolves carbon dioxide readily when heated, yield- 
ing pyrogallol, reduces gold and silver salts, and yields a 
bluish-black precipitate with ferric chloride. Like pyrogallol, 
it is very readily oxidized in alkaline solution, with the pro- 
duction of a brown colour. 

Gallic acid is used in the manufacture of blue-black inks. 
With ferrous sulphate it gives a pale -brown colour, which 
rapidly turns black on exposure to the air; the presence of 
a minute quantity of free sulphuric acid retards this oxida- 
tion, but when the acidified solution is used with ordinary 
paper the acid is neutralized by compounds present in the 
paper, and the oxidation takes place. Indigo carmine is added 
to the ink in order to give it a blue colour before oxidation 
occurs. Dermatol and Airol are bismuth derivatives. 

Tannin is the generic name given to the naturally occurring 
derivatives of polyhydroxy-benzoic acids which are used for 
converting skins into leather. One of the most important of 
these is gallotannic acid, present in nut-galls, sumach, &c., 
and is a derivative of pyrogallol or gallic acid ; other tanning 
materials appear to contain derivatives of catechol, and are 
often termed phlobo-tannins in, contradistinction to pyrogallol 
tannins. They are characterized by the readiness with which 
they yield a red precipitate of phlobophane when their aqueous 
solutions are boiled with hydrochloric acid. 

Some of the important tanning materials are: — Oak bark, 
Wattle bark, from different species of Acacia, e.g. A, arabica, 
dealbata, decurrem of Australia, South Africa, India; Myrabolan, 
the dri^ fruit of Terminalia chebula of India; Sumach (leaves 
of JRhvs coriaria); Divi-divi, pod of Gaesal'pina coriaria of South 
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America; Cutch, extract of wood of Acacia catechu of India; 
Turwad, bark of twigs of Cassia auriculata of South India; 
Hemlock bark, Horse-chestnut bark, &c. 

At one time tanners made their own infusions of extracts, 
but it is becoming customary to extract the material at central 
factories, to evaporate the aqueous extract in multiple-effect 
film-evaporators under reduced pressure, and to put on the 
market a solid extract containing very little insoluble matter 
and 50-60 per cent of tannins. The process of vegetable or 
bark tanning consists in converting the gelatine of the skin 
into an insoluble compound with tannin. The result is to 
give a durable, flexible product, which does not undergo 
putrefactive changes. Before tanning, the skin has to under- 
go several preliminary treatments, c.g, liming to remove hair, 
deliming with acid or with decomposing dung or bran, split- 
ting into layers, &c. 

Hallotannic acid is probably a penta-digalloyl derivative of 
glucose (cf. Glucosides, Chap. XLII, B.). All tannins are 
amorphous solids readily soluble in water or alcohol, but 
practically insoluble in ether, and yield precipitates with 
alkaloids, gelatins, and the salts of many heavy metals. 

Quinio acid, which is found in quinine bark, coffee beans, &c., 
is a hexahydro-tetrahydroxy-benzoic acid, CpH. 7 ( 0 H) 4 C 02 H. 
It crystallizes in colourless prisms and is optically active, an 
inactive modification being also known. 

Thiol-benzoic acids, SH-CgH^-COgH, are also known, and 
the ortho-compound readily condenses with benzene and con- 
centrated sulphuric acid, yielding CgH 4 <^^^^^CeH 4 , or with 

ethyl malonate or ethylacetoacetate, yielding CgH 4 <^ 

{Smiles and Qhosh, J. C. S. 1915, 107 , 1377). 

4. ALCOHOL- AND KETO-AOIDS 

The monobasic aromatic alcohol-acids, which possess at one 
and the same time the characters of acids and of true alcohols 
(p. 461), contain the alcoholic hydroxyl in the side chain; this 
hydroxyl is consequently eliminated together with the side 
chain when the compound is oxidized. 

In behaviour they approximate very closely to the hydroxy- 
acids of the fatty series, as the phenylated derivatives of which 
they thus appear; at the same time they yield, as phenyl 
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derivatives, nitro-compounds, &c., although those compounds 
can often not be prepared directly, on account of the readiness 
with which the acids are oxidized. They differ from the 
phenolic acids in being more soluble in water, less stable, and 
non-volatile; as alcohols many of them mve up water and 
yield unsaturated acids (which the phenolic acids can never 
ao), and they can be esterified by hydrobromic acid, &c., with 
the formation of halide-substitution acids, &c. Further, they 
are purely monobasic acids. 

The hydroxy-acids may bo either primary, secondary, or 
tertiary alcohols, e.g. OH.CH2-CeH4.COOH, C6H5.CH.(OH). 
COOH, and CeH5.CH2.CrCH3)(OH).COOH. The tertiary 
can sometimes be prepared directly by the oxidation, by means 
of a permanganate, of such acids CnHgn-gOg as contain a tertiary 
hydrogen atom (-CH). 

To the ketonic acids the corresponding reactions apply. As 
ketones they may be reduced to secondary alcohol-acids, and 
they further react with hydroxylamine, &c.; as acids they 
form salts, esters, &c. 

Mandelic acid, Phenyl-glycollic acid, CgH5-CH(0H).C02H 
(1835), is formed by hydrolysing the glucoside amygdalin 
with hydrochloric acid, and synthetically by the hydrolysis of 
benzaldehyde-cyanhydrin, mandelonitrile, C^H5.CH(OH).CN 
(see p. 449). It forms glistening crystals, dissolves somewhat 
readily in water, and melts at 133°. 

Mandelic acid possesses an asj^mmetric carbon atom and 
exists in two optically active modifications (cf. B. 16 , 1565 and 
2721), and these can form a racemic compound (para-mandelic 
acid) in the same manner as d- and i-tartaric acids. 

The acid obtained synthetically is the racemic acid, but this 
Dan be resolved (1) by the aid of chinchonine when the chin- 
chonine salt of the S-acid crystallizes first; (2) by means of 
green mould, “ pemcillium glaucum ”, which when grown on a 
solution of the ammonium salt of the acid destroys the Isevo 
modification; (3) by partially esterifying the racemic acid with 
an optically active alcohol, e,g! Z-menthol ; the non-esterified 
acid is then ^rotatory, as the (3?-acid is somewhat more readily 
esterified by Z-menthol than the i-acid. The method is not 
quantitative (Marckwald and Mackenzie, B. 1899, 32 , 2130; 
1901, 34 , 469; also J. C. S. 1899, 964). The acid obtained 
from amygdalin is the Isevo compound. It is comparable with 
lactic acid, CH3.CH(OH) .00211, yielding, like the latter, 
formic acid (together with benzoic) when oxidized ; hydriodic 
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acid reduces it to phenyl-acetic acid, just as it does lactic acid 

• CgH^. CO. OH, 
itable in the free 
state; as an ortho-compound, it readily yields the anhydride 

or lactone, Phthalide, CgH 4 <^QQ 2 ^ 0 , which is obtained by 

the reduction of phthalic anhydride or chloride. It crystallizes 
in needles or plates, and can be sublimed unaltered. 

Tropic acid, a-Ph^nyl-P^iydrcay-propionic acidy OH-CHg* 
CHPh-COgH (fine prisms), is obtained together with tropine 
by boiling atropine with baryta water ; it is reconverted into 
atropine when warmed with tropine and hydrochloric acid. 
It exists in d-, and r- modifications. Tropic acid can be 
synthesized from ethyl phenyl-acetate and ethyl formate, 
which react in the presence of sodium {Claisen reaction), 
yielding ethyl formylphenylacetate, CHO • CHPh • COgEt, or 
the enolic form, OH • OH : OPh • COgEt, which is reduced in 
ethereal solution by means of aluminium amalgam to ethyl 
tropate {Muller, B. 1918, 61, 252). 

Benzoyl-formic acid, Phenyl-glyoxylic acid, CgHg.CO-CO^H, 
is obtained synthetically by the hydrolysis of benzoyl cyanide, 
CgHr-CO-CN, with cold fuming HCl {Claisen, 1877), and also 
by the cautious oxidation of mandelic acid or acetophenone. 
It is an oil which only solidifies slowly, and when distilled 
is largely decomposed into carbon monoxide and benzoic acid. 
It reacts similarly to isatin with benzene containing thiophene 
and sulphuric acid, and shows the normal reactions of the 
ketonic acids with NaHSOg, HCN, NHo-OH, &c. 

e-Nitro-benzoyl-formic acid, NO2.CgH4.CO.CO2H, which 
can be prepared from o-nitro-benzoyl cyanide, yields c-amino- 
benzoyl-formic acid, isatic add, NH2.C.H^.C0.C02H (a white 
powder), upon reduction; when a solution of the latter is 
warmed, it yields its intramolecular anhydride (lactam), isatin, 

C 6 H 4 <co >CO (Chap. XXXV, B.). 

Benzoyl-acetic acid, OgH 5 .CO.CH 2 .CO 2 H (Baeyer), is a 
perfect analogue of acetoacetic acid, and, like the latter, can 
be used for numerous syntheses. It is obtained as its ethyl 
ester (which is soluble in cold sodium hydroxide solution) by 
dissolving ethyl phenyl-propiolate in concentrated sulphuric 
acid and pouring the solution into water (B. 16, 2128); or, 
better, by the action of sodium ethoxide upon a mixture of 


to propionic. 

c-Hydroxymethyl-benzoic acid, OH.CHg 
which is isomeric with mandelic acid, is uns 
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ethyl benzoate and acetate {Claiseris condensation, p. 233) 
(B. 20, 651). It is crystalline, melts at 103°, and readily 
splits up into carbon dioxide and acetophenone, • CO • CHg ; 

the aqueous solution is coloured a beautiful violet by ferric 
chloride. 


6. UNSATURATED MONOBASIC PHENOLIC ACIDS 


Hydroxy-cinnamic or Coumaric Acids, OH«CgH4-CH:CH« 
CO^H. — The ortho-acid is present in melilot ()ddiloius offici- 
nalis), and can be preparea by diazotizing o-amino-cinnamic 
acid, or from salicylic aldehyde by Pet'kMs synthesis. The 
alcoholic solution is yellow with a green fluorescence. 

Coumarin, C^Ha is the aromatic principal of wood- 

^CH ! CH 


ruff {Asperula odoraia), and is also found in the Tonquin bean 
and other plants. It is obtained by the elimination of water 
from o-coumaric acid by means of acetic anhydride. It crys- 
tallizes in prisms, dissolves readily in alcohol, ether, and hot 
water; melts at 67°, and boils at 290°. It dissolves in sodium 
hydroxide solution, yielding the sodium salt of coumarinic 
acid. This salt is stereo-isomeric with that of o-coumaric acid. 
The free acid itself appears to be incapable of existence, as it 
is immediately converted into coumarin (its anhydride), but 
various derivatives are known. (?-Coumarinic acid is regarded 
as the cis-compound, as it yields an anhydride (cf. Maleic 
Acid, p. 255). The stereo-isomeric o-coumaric acid is the trans- 
acid (cf. Fumaric Acid): 


H.C.CflH4.0H H.C.CeH4.:OH 

H-OOC.C.H H-C-CO -OiH 

o-Coumaric CoumariDic acid. 


Synthetic coumarin is used in place of Tonquin bean and is 
very useful for fixing other odours. It can be synthesized 
by Perkin^s synthesis (p. 466) ^from salicylaldehyde, or from 
c-chloro-benzal chloride, Cl • CgH 4 • CHClg. This latter con- 
denses with acetic acid in the presence of potassium acetate, 
yielding o-chloro-cinnamic acid, which is readily reduced 
to o-chloro-phenylpropionic acid, Cl • CgH 4 • CH 2 • CHg • COgH, 
from which the corresponding o-hydroxy acid is obtained by 
heating with alkali. The free hydroxy acid loses water when 

heated, yielding hydro-coumarin, from 
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which coumarin is formed by the action of bromine vapour at 
270-300° (M. 1913, 34, 1665). 

Coumarin (cis-anhydride) can be converted into coumaric 
(trans acid) by the following reactions. The anhydride when 
warmed with 20 per cent sodium bisulphite solution yields 

hydro-coumarin sulphonate, CgH4'\ • , which 

• C/xl • feU 3 iN a 

is converted into sodium hydro-coumaric sulphonate, 

OH . CeH^ . CHg • CHCCOgNa) • SOgNa, 

when warmed with alkali. The latter compound readily 
yields coumaric acid when hydrolysed {Dodge, J. A. C. S. 
1916, 33, 446). 

Jordan and Thorpe (J. C. S. 1915, 107, 396) suggest that 
the sodium salt of coumarinic acid, which is yellow, has the 
ortho-quinonoid structure, O-CgH^tCH-CHg-COgNa, whereas 
the acid has the normal benzene structure 

OH . CgH^ . CH : CH . COgH, 

and Dey {ibid, 1622) suggests that the yellow salts of hydroxy- 
coumarin also have o- or p-quinone structures, 



containing quadravalent oxygen. 

Coumarin derivatives can be synthesized by the condensa- 
tion of ketonic esters such as ethyl aceto-acetate, ethyl benzoyl- 
acetate, and ethyl acetone-dicarboxylate with phenols or naph- 
thols in the presence of sulphuric acid {Pechmann, B. 17, 929, 
1646, 2187; 32, 3681; 34, 423; Dey, loc. cit.). 

3:4-Dihyi:oxy-ciniiainic acid, Caffeic acid, ( 0 H) 2 ' 03 Ho-CH: 
CH-COgH, crystallizes in yellow prisms, and is obtained from 
caiBfetannic acid, whose mono-methyl ether is ferolic acid (from 
asafoetida); the isomeric umbellic acid or^-hydroxy-o-coumaric 
acid readily changes into the anhydride corresponding to cou- 
marin, viz. imbelliferone, C 9 H-C 3 ; this last-named compound; 
is present in varieties of Dapnne. 

Belated to the above is piperic acid: 

C!Ha<;®>CeH3.CH:CH.CH:CH.CX)2H, 

a decomposition product of piperine (Chap. XXXVII, B.), 
which crystallizes in long needles. 



492 


XXVI. AROMATIC ACIDS 


B. Dibasic Acids 

The saturated dibasic acids of the aromatic are analogous 
to those of the aliphatic series, Le. the acids of the oxalic 
series (cf. p. 239). As dibasic acids they can yield normal 
and acid salts, normal and acid esters, amides and amic acids, 
anilides and anilic acids, &c. 

Both carboxyl groups may be attached to carbon atoms 
of the nucleus, or both to carbon atoms of side chains; 
or one attached to the nucleus and one to a side chain, e,g, 
C02H-CeH4*CH2-C02H. When the two carboxyl groups 
are attached to the nucleus in ortho positions, an inner anhy- 
dride of the type of succinic anhydride (p. 241) is readily 
formed. The isomeric meta- and para-dibasic acids do not 
yield such anhydrides. 

Substituted dibasic acids are also known, e.g, hydroxy-, 
nitro- and amino-dibasic acids. 

1. Phthalic acid, Benzene-o-dicarhoxylic acidy CeH4(C02H)2 
(Laurenty 1836), is formed when any f)-di-derivative of benzene, 
which contains two carbon side chains, is oxidized by HNOg or 
KMn 04 , but not by CrOg (cf. p. 463) ; it is generally formed by 
the oxidation of naphthalene by nitric acid, and also of anthra- 
cene derivatives. In preparing it on the large scale the naph- 
thalene is first converted into its tetra-chlor-addition product, 
CipH 8 Cl 4 , and then oxidized. At the present time phthalic 
acid is prepared on the commercial scale by oxidizing naph- 
thalene with concentrated sulphuric acid in the presence of 
a small amount of mercury or mercuric sulphate at 220-300®. 
It crystallizes in short prisms or plates, melts at 213°, and is 
readily soluble in water, alcohol, and ether. When heated 
above its melting-point, it yields the anhydride. When heated 
with lime, it yields benzoic acid or benzene according to the 
relative amounts of acid and lime used. Chromic acid dis- 
integrates it completely, while sodium amaleam converts it 
into dihydro-, tetrahydro-, and finally hexahydro-phthalic acid 
(see below). Its barium salt, C8H4(C02)2Ba, is sparingly soluble 
in water. K = 0*121. 

CO 

Phthalic anhydride, C 0 H 4 <^qq^O, crystallizes in long 

prisms which can be sublimed; it melts at 128°, boils 
at 284°, and is used in the preparation of eo^in dyes (see 
Fluorescein), 
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Phthalimide, CgH4<^Q^^NH, corresponds with succinimide 

in many respects. It is obtained by passing dry ammonia over 
heated phthalic anhydride, and readily gives rise to metallic 
derivatives. The potassium salt CgH4(CO)2NK, obtained by the 
action of aqueous caustic potash on an alcoholic solution of the 
imide, readily reacts with alkyl iodides, yielding alkylated 
phthalimides, e,g, CgH4(C0)oN02H5, and when these are hy- 
drolysed, primary amines, 6ee from secondary and tertiary, 
are obtained, e,g,\ 

CeH4:(CO)2:NC2H5-f-2HaO = CeH4(COaH)2 -f CaH^NH, 

{Oahriely B. 1887-1897). Numerous primary amines, including 
halogenated bases, which are difficult to prepare by other 
methods, have been obtained in this way. E, Fischer (b. 1901, 
34, 456) has also used the same method for the preparation of 
the complex amine ornithine, 

NHj.CH2.CHa.CH2.CH(NHa)‘002H, 

aS-diamino-7i-valeric acid. The various steps are: — Potassium 
phthalimide and trimethylene bromide yiela 
CeH4 : (CO)a : N • CHa • CHa • CHaBr, 
and this on condensation with ethyl sodio-malonate gives 
C6H4:(CO)2:N.CHa-CHa-CH2-CH(COaEt)2; 

and on bromination and subsequent hydrolysis and loss of 
carbon dioxide CeH4:(C0)2:N.CH2-CH2.GH2-CHBr.C02H is 
obtained. Aqueous ammonia converts this into the correspond- 
ing amino-compound, and subsequent hydrolysis gives ornithine. 

Ethylene and propylene oxides react with potassium phthali- 
mide yielding compounds of the type C6H4(C202)*N*CH2« 
CH(0H)*CH8, and this on hydrolysis gives /S-hydroxy-n-propy- 
lamine, CH3.CH(OH).CH2-NH2 {Gabriel, B. 1917, 60, 819). 

The chloride, phthalyl chloride, which is obtained by the 
action of PCI5 upon the acid or the anhydride, appears to have 
the normal constitution C3EC(C0C1)2, as it yields the com- 
pound OeH4[CO • 0H(C02Et)2j2 with ethyl sodio - malonate 
{Scheihei% A. 1912, 389, 211; b. 46, 2252). When heated with 
AICI3 it gives an isomeride which probably has the unsym- 

metrical formula C3H4 <^qq ^^0, as with benzene and AICI3 

CPh 

it yields phthalophenone, 0 qH 4 <^qq ^^0. The symmetrical 
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structure for the original compound is supported by a 
study of its reaction with aniline, and also by the value 
for its molecular volume {Ost^ A. 1912, 392, 245). For 
physico-chemical study of the two forms cf. Csanyi^ M. 1919, 
40, 81. 

2. isophthalic acid (1:3), prepared from wi-xylene, crystal- 
lizes in slender needles from hot water, in which it is only 
sparingly soluble; it sublimes without forming an anhydride. 
The barium salt is readily soluble in water. K = 0’0287. 

Uvitic acid is 5-methyl-isophthalic acid, and may be obtained 
by oxidizing mesitylene. 

3. Terepnthalic acid (1:4) is obtained by the oxidation of 
p-xylene, cymene, &c., and especially of oil of turpentine or oil 
of cumin. It forms a powder almost insoluble in alcohol and 
water, and sublimes unchanged. For its preparation jp-toluic 
acid is oxidized by potassic permanganate (A. 258, 9). The 
barium salt is only sparingly soluble. 

A, Baeyer's researches (A. 246, 251, 258, 266, 269, and 276) 
have introduced us to a whole series of reduction products of 
phthalic acid, generally known as hydro-phthalic acids. The 
isomers among them differ from one another either by the 
position of the double bond in the ring (structwal isomerism), 
or by the spatial arrangement of the carboxyl groups with 
respect to the ring {stereo-isomerism). This latter isomerism 
corresponds to a certain extent with that of fumaric and 
maleic acids, but more closely with that of the poly-methylene 
compounds (p. 346), and a distinction is therefore made here 
also between a Prans- and a cis-iovm (cf. A. 246, 130). Exactly 
the same applies to the hydro-terephthalic acids. 

Of the hydro-phthalic acids (A. 269, 147) there are now 
known: — Five dihydro-adds (two of which are stereo-isomeric), 
four tetrahydro-acids (of which two again are stereo-isomeric), 
and two hexahydro-adds (which are stereo-isomers). Of the 
hydro-terephth^c acids (A. 268, 1), five dihydro-, three tetra- 
hydro-, and two hexahyd/ro-adds are known, two in each group 
being stereo-isomeric. 

The following principles have largely served for determin- 
ing the position of the double bonds in these compounds; — 
(1) When bromine substitutes in a carboxylic acid it takes up 
the a-position to the carboxyl {i,e, it is attached in the benzene 
nucleus to the same carbon atom to which the carboxyl is 
linked). (2) If two bromine atoms stand in the w^A(?-position 
to one another in a reduced benzene nucleus, they are elimi- 
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nated, without replacement, by the action of zinc dust and 
glacial acetic acid; whereas, if they stand in the ^ara-position, 
they are replaced by hydrogen. (3) As in the case of the ali- 
phatic unsaturated acids, boiling with sodic hydroxide solution 
often gives rise to an isomeric acid, due to the “wandering” 
of a double bond in the direction of a carboxyl CTOup (p. 168). 
(4) The stereo-isomeric modifications are also easily transformed 
one into the other. 

The relations existing between the five known dihydro- 
phthalic acids may be taken as an example. When phthalic 
acid is reduced by sodium amalgam in presence of acetic acid, 
^rans-A-3:5-dihydro-phthalic acid is produced, and this changes 
into the as-A-3: 6-acid when heated with acetic anhydride; 



2Van«-A-3:5 Cis-A-3:5 


Both of these yield the A-2: 6-dihydro-acid when warmed with 
alkali. When the dihydrobromide of the latter acid is treated 
with alcoholic potash, the A-2:4-dihydro-acid results, and, lastly, 
the anhydride of this yields the anhydride of the A-1: 4-dihydro- 
acid when heated: 


H H H 



A-2:6 A-2:4 A-l:4 


All the dihvdro-phthalic acids give anhydrides with the ex- 
ception of the /rans-A-3: 5-acid, which in this respect comports, 
itself like fumaric acid. 

The following relationships have been established between 
the hydro-tere^thalic acids: — 

Terephthalic acid reduced with pure sodium amalgam in 
faintly alkaline solution givea a mixture of cis- and ^ra7i5-A-2:5- 
dihydro-acids, both of T^ich on oxidation readily yield tere- 
phthalic acid. When boiled with water both are converted 
into the A-1; 6-dihydro-acid, and when boiled with caustic soda 

* In these formulae X = COaH, A denotes the double bond, and the 
numbers refer to the carbon atoms after which the double bonds are 
placed. A-3:5 indicates two double bonds, one between carbons 8 and 4, 
and a second between carbons 5 and 6. 
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solution into the A-1 : 4-dihydro-acid. This acid is the most 
stable of the dihydro-acids, and is always obtained by the 
reduction of terephthalic acid unless great care is taken in the 
reduction. 

When reduced with sodium amalgam the A-1; 6-acid is con 
verted into a mixture of cis- and /raw5-A-2-tetrahydro-acid. 
Both acids readily combine with bromine, which can again 
be removed by means of zinc dust; this dibromide, \^en 
warmed with alcoholic potash, rives the A-1 : 3-dihydro-acid, 
which cannot be obtained directly by the reduction of tere- 
phthalic acid. 

The A-l-tetrahydro-acid may be obtained by warming the 
A-2-acid with soaium hydroxide solution. 

The A-l-acid yields a mixture of two stereo-isomeric di- 
bromides {ds and trans\ and these when reduced with zinc 
dust and acetic acid yield the cis- and frarw-hexahydro-tere- 
phthalic acid: 


X X 

X 1 I X X 



XH X XH X 



Hexahydro A-1- A-2-tetrehydro A-l:3- 

cia and (rans tetrahydro cis and trans dihydro. 


The completely hydrogenized acids show great differences 
from the partially hydrogenized. Thus, hexahydro-terephthalic 
acid is exactly similar to a saturated acid of the fatty series; 
cold permanganate of potash has no effect upon it, while bro- 
mine substitutes (upon warming). 

On the other hand, the partially hydrogenized acids comport 
themselves precisely like the unsaturated acids of the fatty 
series with an open chain. They are very readily oxidized 
by cold permanganate, and take up bromine or hydrobromic 
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acid until the saturation stage of the hexa-methylene ring is 
reached. All of the hydro-acids can be transformed back into 
phthalic acid (A. 1894, 280, 94). 

For hydro-isophthalio acids, see W, E. Perhin, Jm., and 5. S 
Pickles, P. 1906, 75, and Baeyer and Villiger, A. 1893, 276, 266. 
Two stereo-isomeric modifications of the hexahydro-acid are 
also obtained synthetically from derivatives of the fatty series 
{Perkin, J. C. S. 1891, 798). This constitutes a further proof 
that the hexahydro-benzene-carboxylic acids are nothing more 
than hexa-methylene derivatives. 

A large number of substitution products of the phthalic acids 
are known, e.g, ohloro- and bromo-phthalic acids (which are 
used in the eosin industry), nitro-, amino-, hydroxy- and sulpho- 
phthalic acids, &c. 


HYDROXY-PHTHALIO AGIOS 


2-6-Dihydroxy-terephthalic acid, quinol-p’dicarhoxylic acid, 
CgH2(0H)2(C02H)2, in which both the hydroxyls and the car- 
boxyls are respectively in the p-position to one another, is 
obtained as its ethyl ester by the action of bromine upon 
succinylo-succinic ester, or of sodium ethoxide upon dibromo- 
acetoacetic ester. The free acid breaks up into quinol and 
carbon dioxide when distilled, and is converted by nascent 
hydrogen into succinylo-succinic acid. 

Succinylo-succinic acid, p-dihydroxy-dihydro-terephthalic acid, 
CeH4(0H)2(C02H)o, is obtained as its ethyl ester by the action 
or sodium upon ethyl succinate (see p. 367). The ethyl ester 
crystallizes in triclinic prisms which melt at 126°, and dissolves 
in alcohol to a bright-blue fluorescent liquid which is coloured 
cherry-red by ferric chloride. It contains two replaceable hy- 
drogen atoms, being analogous to acetoacetic ester. The free 
acid, on losing carbon dioxide, changes into tetrahydro-quinone 
or p-diketo-hexamethylene. 

The ester may be represented as a dihydroxylic compound 
or as a diketone: « 



OOjEt 


CH-OOjEt 

H,c/\X) 


OclJcHj 


(XlgEt, 


and reacts as a tautomeric substance (cf. Ethyl Acetoace ate). 
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C. Polybasic Acids 

Benzene 5-tricarboxylic acid or trimesic acid, C^3(COOH jg, 
can be obtained by the oxidation of mesitylene. The isomeric 
unsym. acid or trimellitic acid is obtained by the oxidation of 
colophonium, and the adjacent acid or hemimellitic acid is 
obtained by oxidizing naphthalene-1 ;8-dicarboxylic acid. 

The benzene tetracarbo:^lic acids, C3H<j(C02H)4, prehnitic 
acid [1:2:3:41 mellophanic acid [1:2:3:5J, and pyromellitic 
acid [1:2:4: 5], are obtained by heating mellitic acid or its 
hexahydro-derivatives. 

Mellitic acid, Ce(C02H)3, occurs in peat as aluminium salt 
or honey-stone, O^aAlgOig + I8H2O, which crystallizes in 
octahedra, and is also formed by the oxidation of lignite or 
graphite with KMnO^. It forms fine silky needles of great 
stability, can neither be chlorinated, nitrated, nor sulphonated, 
but is readily reduced by sodium amalgam to hydromellitic 
acid, C3H3((502H)3, and yields benzene when distilled with 
lime. 

As regards the esterification of these polybasic acids, it has 
been found that carboxylic groups which have other carboxylic 
groups in two ortho-positions cannot be esterified by the usual 
catalytic process, e,g, on esterification by the Fischer -Speyer 
method, hemimellitic acid and prehnitic acid yield dimethyl 
esters only, pyromellitic acid yields a tetramethyl ester, and 
mellitic acid is not acted on {F. Meyer and Sudborough, B. 1894, 
27, 3146). 


XXVII. AROMATIC COMPOUNDS CONTAIN- 
ING TWO OR MORE BENZENE NUCLEI. 
DIPHENYL GROUP. 

The aromatic compounds hitherto considered, with the ex- 
ception of azobenzene, benzophenone, &c., contain but one 
benzene nucleus. In addition to these, however, a consider- 
able number of compounds are known which contain two or 
more such nuclei united in a variety of ways. Such com- 
pounds are usually arranged in the following groups : — 

1. Diphenyl group ; this comprises the compounds with two 
benzene nuclei directly united together. The parent substance 
of the group is diphenyl, CgHg-C^Hg. 

2, Diphenyl-methane group; this includes all compounds 
with two benzene nuclei attached to a single carbon atom. 
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The parent substance is diphenyl-methane, C^Hg • OHg • CgH^. 

3. Dibenzyl or stilbene group, which comprises compounds 
containing two benzene nuclei linked t(^ether by a chain of 
two or more carbon atoms, e.g. dibenzyl, ClHg • CHo • CHo • CgHg, 
and stilbene, CeHg.CHrCH.CgHg. 

4. Triphenyl-methane group, which contains the compounds 
with three benzene nuclei attached to a single carbon atom, 
e„g. triphenyl-methane, CH(CgHg) 3 . 

5. In addition to the above groups several extremely im- 
portant groups are known which contain two or more benzene 
nuclei arranged in such a manner that they have two or more 
carbon atoms in common (see naphthalene and anthracene). 


DIPHENYL GKOUP 


Diphenyl is related to benzene in much the same manner 
as ethane to methane : 


CH4 and CH3 . CH3 CeHg and CgHg • CgHg. 

Its molecule consists of two benzene nuclei directly united. 
Its method of synthesis by Fiitig^ by the action of sodium on 
an ethereal solution of morioiodo-benzene or of copper-bronze 
at 230"" {Ullmann^ A. 332, 38), is analogous to the formation 
of ethane by the action of zinc or sodium on methyl iodide : 
2CeH5l + 2Cu = CeHg.CeHg + Cugl^. 


An interesting synthesis is from phenyl magnesium bromide 
and anhydrous CrClg or CuCIg; in both cases the metallic 
chloride is reduced to the lower ’ous form (J. C. S. 1914, 105, 
1057 ; 1919, 115, 559): 

2 CrClg + 2 CeHgMgBr 2 CrClg + 2 MgBrCl + CeHg • CgHfi. 


Another synthesis is from p-di-iodo-benzene and magnesium. 
The mono- and di-magnesium compounds are first formed, and 
these react, yielding IMg-CgH^-CeH^^Mgl, which is converted 
into di-phenyl by the action of water (B. 1914, 47 , 1219): 


CeH,l2 ICeH,.MgI + IMg.CeH,.MgI — 

Mgl^ + IMg.CeH,.CeH,.MgL 


It is also formed by passing the vapour of benzene through a 
red-hot tube. It is contained in coal-tar, crystallizes in large 
colourless plates, melts at 7r, boils at 254®, and is readily 
soluble in alcohol and ether. 

Chromic acid oxidizes diphenyl to benzoic acid, one of the 
two benzene nuclei being destroyed. From this and from 



500 


XXVII. DIPHENYL GROUP 


its synthesis, the formula of diphenyl must be CgHg-CgH^. 

Derivatives {Schultz, A. 207, 311). — Like benzene, diphenyl 
is the mother substance of a series of derivatives which closely 
resemble the corresponding benzene derivatives. With poly- 
substituted derivatives the substituents are usually denoted 
by the following numbers, according to the position occupied; 



Mono-substituted derivatives exist in o-, m-, or ^forms, 
according to the position of the substituent with reference to 
the point of union of the two nuclei. The number of di-sub- 
stituted derivatives is still larger. The constitution of these 
is elucidated from their syntheses, from their products of oxida- 
tion, or by conversion into compounds of known constitution ; 
thus a chloro-diphenyl, CjoH^jCl, which yields p-chloro-benzoic 
acid when oxidized by chromic acid, is obviously p-chloro- 
diphenyl. Whether all the substituents are attached to the 
one nucleus or are distributed between the two, can also be 
proved by an examination of the products of oxidation. 

The substituents take up the ^-position for choice; in di- 
derivatives the p-p- (and to a lesser extent the o-p-) position. 

The spatial arrangement of the diphenyl molecule has 
attracted attention. Kaufler (A. 1907, 351, 151) has suggested 
that the two benzene nuclei lie in parallel planes and are not 
free to rotate around the axis joining the two nuclei (No. 2). 

The discovery of two isomeric (?-dinitro-benzidines and of 
four isomeric ?7Hiinitro-tolidines lends support to this view {Cain 
and Micklethwait, J. C. S. 1912, 101, 2298). The two o di- 
nitro-benzidines would be represented as the 3:3' and 3:5' 
compounds, with the NHg group in positions 4 and 4'. Com- 
pare Kenner and Matthews, ibid. 2473. 

Di -diamino - diphenyl, benzidine, NHg • CgH 4 • • NHg 

{Zinin, 1845), is obtained by the reduction of ^-^-dinitro-di- 
phenyl (the direct nitration pijoduct of diphenyl); also, to- 
gether with diphenyline, by the action of acids upon hydrazo- 
benzene, the latter undergoing a molecular transformation 
(p. 419): C.Hfi.NII.NH.CeHg = NHg.C^H^.CeH^.NHg; it 
is consequently formed directly from azobenzene by treating 
it with tin and hydrochloric acid. 

Benzidine is a diacid base which crystallizes in colourless 
silky plates, is readily soluble in hot water or alcohol, and 
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melts at 122°. Its sulphate, Ci 2 Hi.(NH 2 ) 2 -S 04 H 2 , is sparingly 
soluble. Like its homologues (tolidine, &c.), it is of special 
importance in the colour industry, as its diazonium-com- 
pound couples with naphthol-sulphonic or naphthylamine- 
sulphonic acids, yielding the “substantive” or cotton dyes (cf. 
Chap. LV). 

The isomeric diphenyline, 2:4'-diamino-diphenyl, may be 
obtained from 2:4'-dinitro-diphenyl, and also as a by-product 
in the preparation of benzidine from azobenzene. It crystal- 
lizes in needles, melting at 45^, and yields a sulphate which is 
readily soluble. 

Carbazole, 


the imide of diphenyl, is contained in coal-tar and in crude 
anthracene. It is formed by distilling (?-amino-diphenyl over 
lime at a low red heat, or by passing the vapour of diphenyl- 
amine through red-hot tubes, just as diphenyl is obtained 
from benzene: 

(CeH6)2NH =c (CeH4)2NH + H2. 



It crystallizes in colourless plates sparingly soluble in cold 
alcohol, melts at 238°, distils unchanged, and is characterized 
by the readiness with which it sublimes. Concentrated sul- 
phuric acid dissolves it to a yellow solution, and it forms an 
acetyl- and a nitro-compound, &c. The nitrogen in it occupies 
the di-ortho-position ; it thus appears, like indole, to be a pyr- 
role derivative, and it shows, in fact, most striking analogies 
to the latter (B. 21, 3299). 

Benzidine-mono-, di-, &c. sulphonio acids, e,g, C,qHa(NH 2)2 
(SOgH)^,, are of technical importance. The hydroxy- 
diphenyls, Ci 2 Ho^OH) 2 , of which four isomers are known, are 
formed (a) by diazotizing benzidine, (6) bv fusing diphenyl- 
disulphonic acid with potash, and (c) by fusing phenol with 


potash or by oxidizing it with permanganate ; in the last case 
hydrogen is separated and two benzene residues join together. 

Diphenylene oxide, is obtained by distilling phenol 

with plumbous oxide ; it crystallizes in plates which distil with- 
out decomposition (cf. e,g, B. 26, 2746). 

The carboxylic acids of diphenyl are oDtained (1) from the 
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corresponding nitriles, which on their part are prepared by 
distilling the sulphonic acids of diphenyl with KCN, e.g, di-p- 
^henyl-dicarboxylic acid, Ci2H8(C02H)o, a white powder 
insoluble in water, alcohol, and ether; ( 2 ) by the oxidation of 
phenanthrene and similar compounds, e,g.^ diphenic acid, 
C02H*C8H4-CgH4-C02H, the 2 ; 2 '-dicarboxylic acid, crystal- 
lizing in needles or plates which are readily soluble in 
the solvents just mentioned; m.-pt. 229 ° Both of these 
are dibasic acids, which yield diphenyl when heated with 
soda-lime. 

The homologues of diphenjd are, like the latter, obtained 
by means of Fittig^s reaction. Analogous to benzidine is 
o-tolidine, Ci2Hg(CH.^)2(NH2)2, m.-pt. 128 °, similarly di- 
anisidine, dimetnoxy-benzidine, Ci 2 H.( 0 -CH 3 ) 2 (NH 2 ) 2 . All 
these compounds yield diazoniiim salts, which couple with 
naphthols and then sulphonic acids to form substantive 
dyes. (Chap. LV.) 

Diphenyl may be regarded as monophenyl -benzene; the 
corresponding di- and triphenyl-benzenes are also known. 

p-Diphenyl-benzene, C8H4(C8H5)2, may be obtained by the 
action of sodium upon a mixture of p-dibromo-benzene and 
bromo-benzene. It crystallizes in flat prisms, melts at 205 °, 
and on oxidation yields diphenyl-monocarboxylic and tere- 
phthalic acids. 

When hydrochloric acid gas is led into acetophenone, O^Hg* 
CO'OHg, a reaction analogous to the formation of mesitylene 
from acetone (p. 365 ) ensues, and 5 -triphenyl-beiizene, 
C8H3(08Hg)8 (rhombic plates), is formed. 


XXVIII. DIPHENYL-METHANE GROUP 

Diphenyl-methane, C^Hg • CHg • C^Hg, is derived from methane 
by the replacement of two hydrogen atoms by two phenyl 

S oups, and is thus closely related to phenyl-methane or toluene, 
^Hg-CHg. One important difference is that when oxidized it 
cannot yield an acid containing the same number of carbon 
atoms since it does not contain a methyl OTOup. It can be 
oxidized to the secondary alcohol benzhydrm, (CgHg)2CH*OH, 
or the ketone benzcmhenone, (C(jH5)2CO. Compounds like 
diphenyl-ethane, (C8Hg)2CH*CH8, can yield acids. 

The various derivatives are obtained by substituting one 
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or more of the twelve hydrogen atoms present in the diphenyl- 
methane molecule. If the substituent replaces any of the ten 
hydrogens directly attached to the benzene nuclei, a com- 
pound is formed which closely resembles the corresponding 
derivatives of benzene, e,g, CgHr-CHg-CgH.-NHg closely re- 
sembles aniline. If, on the other hand, the substituent replaces 
a hydrogen atom of the methylene group, a compound with 
aliphatic properties is obtained, e,g. (CgH 5 ) 2 CH-OH closely 
resembles a secondary aliphatic alcohol. 

The method of numbering the carbon atoms in the diphenyl- 
methane molecule is usually as follows: — 



Formation of diphenyl-methane and its derivatives. 

1. Diphenyl-methane is produced by the action of benzyl 
chloride upon benzene, in presence of zinc dust IZincke^ A. 169, 
374), or of aluminium chloride {Friedel and Crajts): 

CflHfi.CHaCl + CflHe = CeH 5 .CHa.CeH 5 -f HCL 

The homologues of benzene, and also the phenols and 
tertiary amines, may be used instead of benzene itself. 

In an exactly analogous manner diphenyl-methane is ob- 
tained by the action of methylene chloride, CHgCla, upon 
benzene in presence of aluminium chloride: 

CH2a2 + 2CeH5 = CH2(CeH5)2 + 2Ha. 

2 . Diphenyl-methane hydrocarbons are formed by the action 
of the aliphatic aldehydes, e,g, acetaldehyde or formaldehyde, 
upon benzene, &c., in the presence of concentrated sulphuric 
acid {BaeyeTy B. 6 , 963). With formaldehyde diphenyl-methane, 
or with acetaldehyde diphenyl-ethane, is formed: 

CH8.CHO + 2CeHe = CH8.CH(CeH5)2 + HgO. 

The acetaldehyde and formaldehyde are employed here in 
the form of paraldehyde and jnethylal. Formaldehyde itself 
condenses with aniline to diamino-, and with dimethyl-aniline 
to tetramethyl -diamino-diphenyl- methane. When aromatic 
aldehydes are used, triphenyl-methane derivatives are formed 
(p. 508). 

3. Aromatic alcohols react with benzene and sulphuric acid 
in an analogous manner (F. Meyer) \ 

CA.CHj.OH + CeHe = + 
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Similar reactions have also been brought about by means of 
ketones, aldehydo-acids, and keto-acids on the one hand, and 
phenol and dialkylated anilines on the other. 

The true aromatic ketones of the type of benzophenone 
may be regarded as diphenyl - methane derivatives (see 
p. 453). 

Diphenyl-methane, (CgH5)2CH2, is most conveniently pre- 
pared from benzyl chloride, benzene, and aluminium chloride. 
It crystallizes in colourless needles of very low melting-point 
(26°), is readily soluble in alcohol and ether, has a pleasant 
odour of oranges, and distils unaltered at 262°. 

It yields nitro-, amino-, and hydroxy-derivatives. ^-Diamino- 
diphenyl-methane, CH2(CgH4NH2)2, is obtained by heating 
methylene-aniline, CeH5*N:CH2, prepared from formaldehyde 
and aniline, with aniline and an aniline salt. It crystallizes 
in lustrous silvery plates, melting at 87°, and may be used for 
the preparation of fuchsine. Bromine at a moderate tempera- 
ture reacts with the hydrocarbon yielding diphenyl-bromo- 
methane, (CgH5)2CHBr, and when this is heated with water to 
150°, it yields benzhydrol, diphenyhcarbinol^ (CgH5)2CH*OH, 
which can also be obtained from benzophenone and sodium 
amalgam, or by Grignard^s synthesis from benzaldehyde and 
phenyl magnesium bromide (C. E. 1914, 168, 534). It 
crystallizes in glistening silky needles, melts at 68°, possesses 
in every respect the character of a secondary alcohol (forming 
esters, amines, (fee.), and is readily oxidized to the correspond- 
ing ketone, benzophenone, (CgHgJgCO (p. 453). 

aa-Diphenyl-ethane, (CqH 5)2CH • CHo (isomeric with dibenzyl, 
see p. 505), is obtained by method of formation 2 (p. 503). It 
is a liquid, boils at 286°, and is oxidized to benzophenone by 
chromic acid. From it is derived: 

Benzilic acid, diphenyl -gly collie acid^ (0^115)20(011) *00211, 
which is formed by a molecular transformation when benzil, 
OgHg-OO-OO-OgHg (p. 507), is fused with potash. It crystal- 
lizes in needles or prisms, dissolves in concentrated sulphuric 
acid to a blood-red solution, anci is reduced by hydriodic acid 
to diphenyl-acetic acid, (0^115)2011 -OOoH (needles or plates), 
which may also be obtained synthetically from phenyl-brom- 
acetic acid, OgHr-OHBr-OOoH, benzene, and zinc dust, accord- 
ing to mode of formation 1, "p. 503. 

Benzoyl-benzoic acids, benzophenone-carboxylic acids, OgHg* 
00*CeH4*002H (B. 6, 907). Of these the c-acid (m.-pt. 127°) 
has been prepared synthetically by heating phthalic anhydride 
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with benzene and aluminium chloride. When heated with 
phosphorus pentoxide at 180°, it yields anthra-quinone, 

CgH4<:^QQ^>CeH4; various transformations into the anthra- 


cene series have been effected in a similar manner from o-tolyl- 
phenyl-methane and the correspondirg ketone. 

Flnorene, diphenyUm-methane^ sl^nds in the 

CgJj.4 

same relation to diphenyl-methane as carbazole (p. 501) does 
to diphenylamine; it is at the same time a diphenyl and a 
methane derivative. It is contained in coal-tar, and is pro- 
duced when diphenyl-methane is led through red-hot tubes 
(like diphenyl from benzene), and also by passing the vapour 
of diphenylene-ketone over red-hot zinc dust. It crystallizes 
in colourless plates with a violet fluorescence, melts at 113°, 
and boils at 295°. The corresponding ketone, diphenylene- 
ketone, CijHgrCO, which crystallizes in yellow prisms melting 
at 84°, is obtained by heating phenanthra-quinone with lime, 
and is converted into fluorenyl alcohol, (0^114)2 : CH • OH 
(colourless plates, m.-pt. 163°), by nascent hydrogen, and into 
diphenyl-carboxylic acid, (^phenyl•benzoic acid, C5H5»C5H4* 
COgH, by fusion with potash. 


XXIX. DIBENZYL QEOUP 

This group comprises the compounds containing two ben- 
zene nuclei connected by a chain of two carbon atoms. 
Among the most important members are: — Dibenzyl, 
aHfi.CHg.CHg.O.H.; stilbene, C-Hs-CHiCH.CflH.; tolane, 
CeH^.C:C.CeH.; deoxybenzoin, CeH^ • CH« • CO • CeH^; 
hydrobenzoin, OaH. • CH(OH) • CH(OH) • benzoin, 

C3H^.CH(OH).CO.CeHp; benzil, CeHj.CO.CO.C^H^. 

Dibenzyl is symmetncal diphenyl-ethane (for the unsym- 
metrical compound, see p. 504), stilbene is biphenyl-ethylene, 
and tolane diphenyl-acetylene. 

All these compounds yield benzoic acid when oxidized. 

Dibenzyl is formed when benzyl chloride is treated with 
metallic sodium, or by the action of benzyl chloride on benzyl 
magnesium chloride. It is often met with as a by-product in 
Qr^mr^s synthesis by means of benzyl magnesium chloride. 
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It is isomeric with ditolyl and with tolyl-phenyl-methano ; 
it crystallizes in needles or small plates, melts at 52°, and 
sublimes unchanged. 

Stilbene, s-dijphenyLethylene, forms monoclinic plates or prisms, 
melts at 125°, and also boils without decomposition. It may 
be prepared by the action of sodium upon benzal chloride, or 
by heating deoxybenzoin with sodium ethoxide, or best by 
the action of benzyl magnesium chloride on benzaldehyde, 
and possesses the full character of an olefine, giving, for 
instance, a dibromide, • CHBr • CHBr • CftHw with bro- 
mine, and being converted into dibenzyl by hydriodic acid. 
p-Diamino- stilbene, Ci 4 Hj 0 (NH 2 ) 2 , and its disulphonic acid 
(obtained by reducing ^nitro-toluene or its sulphonic acid in 
alkaline solution) are, like benzidine, mother substances of 
“substantive dyes” (Chap. LV, C.). Stilbene should exist in two 


stereo-isomeric modifications, the ordinary stilbene melting at 

H .C-Ph 

125® is usually regarded as the irans compound • 

Ph*C*H 


An isomeride — the cis compound has been described by Otto 
and Stoffel (B. 1897, 30, 1799), Just as ethylene bromide 
yields acetylene when boiled with alcoholic potash, so stilbene 
dibromide yields tolane, which crystallizes in prisms or plates, 
melting at 60®. It may also be prepared by the following 
series of reactions: — 




C«H,.CH:Ca.C«H, 




Phosphorufl pentachloride 


Alcoholic potash 


Tolane corresponds with acetylene in its properties in so far 
that it combines with chlorine to a dichloride and a tetra- 
chloride; but it does not yield metallic derivatives, since it 
contains no “acetylene hydrogen” (p. 54) 

When stilbene dibromide is treated with silver acetate, two 
di^acetates are formed; and when these are hydrolysed by 
alcoholic ammonia, two isomeric substances of the composition, 
CeH 5 .CH(OH).CH(OH).OeH„ hydrobenzoYn and iso-hydro- 
benzoYn or s-diphenyl^glycol, are produced. Both compounds 
are also formed by the action of sodium amalgam upon oil of 
bitter almonds. T"he former crystallizes in rhombic plates, 
melting at 138®, and the latter in four-sided prisms, melting 
at 119®, and is the more soluble of the two. The two com- 
pounds are stereo-isomeric in the same manner as meso-tartaric 
and racemic acid, and ErUnmeyer, Junr,, has been able to re- 
solve hydrobenzoin, which corresponds with racemic acid, into 
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two optically active components, by separating two diflferent 
kinds of hemihedral crystals (A. 198, 115, 191; B. 30, 1531). 

The compounds benzoin, benzil, and deoxybenzoin, which 
have already been mentioned, are closely related to one an- 
other, as their formulse show, and can also be prepared from 
benzaldehyde. When the aldehyde is boiled with an alcoholic 
solution 01 potassium cyanide it polymerises,* yielding benzoin, 

2CoH 6.CH:0 = CeH5.CH(OH).CO-C«H4, 

which forms beautiful glistening prisms, m.-pt. 134°; nascent 
hydrogen reduces it to hydrobenzoin, from which it can also 
be obtained by oxidation. It reduces Fehling's solution even 
at the ordinaiy temperature, yielding benzil. 

Benzil, CgHg-CO-CO-CgHs, is obtained by oxidizing ben- 
zoin with nitric acid. It crystallizes in large six-sided prisms, 
melting at 95°. It is oxidized to benzoic acid by chromic 
anhydride, and reduced by nascent hydrogen — according to 
the conditions — either to benzoin or to deoxybenzoin. It 
reacts with hydroxylamine to produce: 

Benzil-monoxime, C^IL • CO •C(:N *011) * 00115 , and benzil- 
dioxime, C 0 H 5 *C(:N*OH)*C(:N*OH)*C 0 H 5 , which exist in 
the following stereo -isomeric modifications {Hantzsch and 
JVemer, B. 23, 11; 37, 4295; Dittrich, ibid,, 24, 3267): — 

Monoximes : 

CeH 5 .C*CO-CeH 6 CoHg.C.CJO.CeHg 

N-OH Heated HO-N 

a. M.-pt. 184’ y. M.-pt. 118*. 

Dioximes: 

CeHs-C C.C.H 5 CeHe-C * C-CeH# CoHs-C C-CeH, 

N-OH HO-N HO-N N-OH HO-N HO-N 

a. M.-pt. 287- /J. M.-pt. 207* y. M.-pt. 163*. 

The configurations have been established as the result of an 
examination of the products obtained by the Bechrmnn trans 
formation (A. 296, 279; 274, 1 . Compare pp. 145 and 454). 

Deoxybenzoin, C^Hg • CHg • CO • CgHg, forms large plates, 
melting at 55°, and may be sublimed or distilled unchanged. 
It can be prepared by the action of benzene and aluminium 
chloride upon phenyl-acetyl chloride, CgHg-CHjj-CO-Cl, and 
hence its constitution, and yields di-benzyl with hydriodic 
acid. Deoxybenzoin can also be prepared from benzil and 
benzoin (B. 25, 1728). One of its methylene hydrogen atoms 

* For mechaniBm, cf. Chalanay and Knoevenagd (B. 1892, 25, 295). 
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is readily replaceable by alkyl, just as in acetoacetic ester. 
The radical, CH(CgH5)»CO*^H5, is termed “desyl”. 

Benzilic acid, (CeHfi) 2 C(OBL) • COnH (p. 504), is produced 
when benzil is heated with alcoholic potash, by a peculiar 
molecular transformation similar to that by which pinacoline 
is formed (p. 200). 

Compounds closely related to the dibenzyl group are those 
which contain two benzene nuclei united by a chain of more 
than two carbon atoms, ay-diphenyl propane, and also 
those compounds containing three or more benzene nuclei 
united by a chain of carbon atoms, e,g. triphenyl-ethane, tetra- 
phenyl-ethane, &c. 


XXX. TEIPHENYL-METHANE GEOUP 

Triphenyl-methane, CH(CgH5)3, is the compound obtained 
as the result of the entrance of three phenyl groups into the 
methane molecule; among its homologues are toly 1-diphenyl- 
methane, (03H5 )o 0H • CgH4 • GHo, ditolyl - phenyl - methane, 
CeH3.CH(OeH,.dH3)2, &c. 

These hydrocarbons are of especial interest as being the 
mother substances of an extensive series of dyes ; the amino-, 
hydroxy-, and carboxy-derivatives of triphenyl-methane are 
the leuco-bases obtained from such dyes as rosaniline, aurine, 
malachite green, &c. 

Their /(yrrmtion is effected in a manner analogous to that of 
the diphenyl-methane derivatives, i,e, by the aid of zinc dust 
or aluminium chloriae when chlorine compounds are used, or 
by the aid of phosphoric anhydride when oxygen compounds 
are employed. 

Thus, triphenyl-methane may be obtained {a) from benzal 
chloride and benzene in the presence of aluminium chloride, 

CeH,.CHCl3 + 2CeH3 = CH(CaH,)3 -f 2Ha, 

or from benzaldehyde, benzene, and zinc chloride; IV) from 
chloroform and benzene in presence of aluminium chloride, 

SCeHe-f Cna, = CH(CeH3)3-f3Ha; 

(c) from benzhydrol and benzene in the presence of phos- 
phoric anhydride, 

(CeH4)aCH.OH-f CeHe = (CeH3)3CH.(CeH3) + H^O. 
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Derivatives of triphenyl - methane may be obtained by 
similar methods, e,g, the leuco-base of bitter-almond-oil green, 
tetramethyl-diamino-triphenyl-methane may be prepared by 
the condensation of benzaldehyde and dimethyl-aniline: 
CeH5.CHO+2CeH,.N(CH3)2 = CeH5.CH:[CeH4.N(CH3)2]2+H20. 

When other amines or even phenols are used, a series ol 
allied compounds (which are often dyes) is obtained, the sepa- 
ration of water being facilitated by the addition of zinc chlo- 
ride, concentrated sulphuric acid, or anhydrous oxalic acid. 

Triphenyl-methane, CH(CgH5)3 {KekuU and Franchimont, 
B. 6, 906). This compound may be prepared from chloroform 
and benzene by the Friedel-Crafis reaction (cf. A. 194, 152), 
diphenyl-methane being produced at the same time; also by 
eliminating the amino-groups from ^-leucaniline, C^f,Hjg(NH 2 ) 8 j 
and most readily by reducing triphenyl-carbinol with zinc dust 
and acetic acid. It crystallizes in colourless prisms, m.-pt. 93°, 
b.-pt. 359°, and dissolves readily in hot alcohol, ether, and 
benzene. 

It crystallizes from benzene with one molecule of benzene 
of crystallization ”, which is also the case with many triphenyl- 
methane derivatives. When triphenyl-methane is treated with 
bromine in a solution of carbon bisulphide, the methane hy- 
drogen atom is exchanged for bromine with the formation of 
triphenyl-methyl bromide, (CgH 5 ) 3 *CBr, which, when boiled 
with water, yields triphenyl-carbinol, (CgH 5 ) 8 C*OH. This 
crystallizes in glistening prisms, melts at 159°, and can be 
sublimed unchanged; it may also be prepared directly by 
oxidizing a solution of triphenyl-methane in glacial acetic acid 
with chromic acid, or synthetically by the action of Grigmrd^s 
phenyl magnesium bromide on benzophenone or ethyl benzoate •. 

(C,K,),CO — (CeH5)3C.OMgBr 

A number of homologues of triphenyl-carbinol have been 
prepared by this last method {Houhen^ B. 1903, 36, 3087). 

Triphenyl-methylamine, CPhg^NHg (B. 1912, 46, 2910), re- 
sembles the carbinol in the reaSiness with which the NHg can 
be replaced, e,g, with ethyl alcohol the NHg is replaced by OEt. 

Fuming nitric acid converts triphenyl-methane into trinitro- 
triphenyl-methane, (GgH 4 *N 02 ) 8 *CH (yellow scales), which 
can then be oxidized by chromic acid to trinitro-triphenyl^ 
carbinol, (C 8 H 4 • N 02)30 • OH. The latter gives para-rosaniline, 
(C 3 H 4 »NH 2 ) 3 C' 0 H, when reduced with zinc dust and glacial 
acetic acid. 
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Homologous with triphenyl-methane are the tolyl-diphenyl- 
methanes, From these also dyes are 

derived, especially from m-tolyl-diphenyl-methane (in which 
the CH3 occupies the meta-position with regard to the methane 
carbon atom), which can be prepared by diazotizing ordinary 
leucaniline; it crystallizes in small prisms and melts at 59*5''. 


TRIPHENYL-METHANE DYES 

The entrance of three amino- or hydroxy-groups converts 
triphenyl-methane and its homologues into the leuco-com- 
pounds of dyes, some of which latter are of great value. Two 
amino-groups suffice for the full development of the dye 
character only when the amino-hydrogen atoms are replaced 
by alkyl radicals, one amino-group being insufficient for this 
(see under /?-amino-triphenyl-methane). 

The following are the chief groups of triphenyl-methane 
dyes: — 

1. Those derived from diamino-triphenyl-methane. The 
malachite-green group. 

2. Those derived from triamino-triphenyl-methane. The 
rosaniline group. 

3. Those derived from trihydroxy-triphenyl-methane. The 
aurine group. 

4. Those derived from triphenyl-methane-carboxylic acid. 
The eosin group. 

Leuco-bases or leuco-compounds of dyes (p. 424) are the 
colourless compounds formed by the reduction of the dyes, 
usually by the addition of two atoms of hydrogen. When 
oxidized they are converted back into the dyes. 

All the dyes of the triphenyl-methane group, and also 
indigo, methylene blue, saf ranine, &c., are capable of yielding 
such leuco-compounds, generally on reduction with zinc and 
hydrochloric acid, stannous chloride, or ammonium sulphide. 

The oxidation of the leuco-compounds is often quickly 
effected by the oxygen of the air {e,g, in the cases of indigo 
white and of leuc^-methylene blue); in the triphenyl-methane 
group it is slower and frequently more complicated. Leuco- 
malachite green is readily oxidized to the corresponding 
colour-base when treated with lead peroxide in acid solution, 
and leucaniline when warmed with chloranil in alcoholic 
solution, or when its hydrochloride is heated either alone or 
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with a concentrated solution of arsenic acid, or with metallic 
hydroxides such as ferric hydroxide. 

The leuco-bases of the triphenyl-methane dyes are deriva- 
tives of triphenyl-methane or its homologues, the corresponding 
dye-bases obtained by oxidizing the leuco-bases are derivatives 
of triphenyl-carbinol or its homologues, and the dyes them- 
selves are salts obtained by the elimination of water from the 
dye-base and an acid. The relationships between the three 
groups of compounds — leuco-base, dye-base, and dyes — are in- 
dicated in the following scheme : 

oxidized acid 

Leuco-base ;;z!: dye-base ^ dye. 
reduced alkali 

As an example: 



1. AMINO- AND DIAMINO- TRIPHENYL-METHANE GROUP 

^-Amino-triphenyl-methane can be synthesized either by 
the condensation of jp-nitro-benzaldehyde with benzene and 
subsequent reduction, or from benzhydrol and aniline. It 
forms large prisms, and melts at 84°. The corresponding car- 
binol is colourless and with acids yields red salts, but these 
cannot dye animal fibres. (Cf., however, B. 1913, 46 , 70.) 

j7-Diamino-triphenyl-metliane, CgHg • CH(CgH 4 • NH 2 ) 2 , is 
prepared by the action of zinc chloride or of fuming hydro- 
chloric acid upon a mixture of benzaldehyde and aniline 
sulphate or chloride: 

CflHfi.CHO-l-2CoH6NH2 = -f HjO. 

It crystallizes in prisms, and the colourless salts yield an 
unstable blue-violet dye, benzal violet, when oxidized. Me- 
thylation converts the base into: 

Tetr amethyl - di-^-amino - triphenyl - methane, leiux)-imlachite 
green, C 5 H 5 *GH[O 0 H 4 *N(CH 3 ) 2 *] 2 , which is prepared on the 
technical scale by heating benzaldehyde and dimetlwl^niline 
with zinc chloride or concentrated sulphuric acid {0, Fischer, A. 
206 , 103). It forms colourless plates or prisms. As a diacid 
base it yields colourless salts, which are slowly converted by 
the air, but immediately by other oxidizing agents, such as 
lead dioxide and sulphuric acid, into the salts of tetiWethyL 
diammo - triphenyl - oarbinol, • C (OH) [O^H^N (CHg) 
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The free base is obtained by precipitating the salts with alkali. 
It crystallizes in colourless needles and dissolves in cold acid 
to a colourless solution; upon warming, however, the intense 
green coloration of the salts is produced. (See p. 514.) 

The double salt with zinc chloride, (C28H25NoCl)3, 2ZnCl2, 
2H2O, or the oxalate, (C23H25N2)2, 3H2O2O4, of this base is the 
valuable dye bitter-almond-oil ^een, malachite green or Victoria 
greeUj which forms green plates, readily soluble in water. This 
can also be prepared directly by heating benzo-trichloride with 
dimethyl-aniline and zinc chloride (Doebner). Brilliant green 
is the tetraethyl compound. The sulphonic acid of the diethyl- 
dibenzyl-diamino-triphenyl-carbinol is acid green. 

The fastness of all these dyes is improved by the introduc- 
tion of an ortho-chlorine atom. Sulphonic acids derived from 
these chloro-compounds are the night green, A., patent green, 
A. G. L., and brilliant milling green of commerce. 

2. ROSANILINE GROUP 

Fuchsine or magenta was first obtained in 1856 by Natanson^ 
who noticed the formation of a red substance, in addition to 
that of aniline hydrochloride and ethylene-aniline, when ethy- 
lene chloride was allowed to act upon aniline at a temperature 
of 200^" (A. 98, 297). It was prepared shortly afterwards by A. 
W, HofmanUy by the action of carbon tetrachloride upon aniline, 
and was first manufactured on the technical scale in 1859. Hof- 
mann^s scientific researches on this subject date from 1861. The 
chemical constitution was made clear by Emil and Otto Fischer 
in 1878 (A. 194, 242), (Cf. also Caro and Grcehey B. 11, 1116.) 

The rosaniline dyes are derived partly from triphenyl- 
methane and partly from m-toly 1-diphenyl-methane ; in the 
former case they are often designated para-compounds {e.g. 
“para-rosaniline”, because it is prepared from aniline and para- 
toluidine ; “ para-rosolic acid ”). 

Para-leucaniline, triamino4riphenyl-methaney CH(^H 4 *NH 2 ) 3 , 
and leucaiiiline,^mm2?io-(iipAenyZ-^o^y/-me^Aane,CH3 • C8ll3(NH2) • 
CH(CpH4«NH2)2, are formed by the reduction of the corre- 
sponding trinitro-compounds and also of the corresponding 
dye-bases, para-rosaniline and rosaniline ; the first named like- 
wise by the reduction of ^nitro-diamino-triphenyl-methane. 
The free leuco-bases are precipitated by ammonia from solutions 
of their salts as white or reddish flocculent masses, and crystal- 
lize in colourless needles or plates; they melt at 203® and 100° 
respectively. As bases they form colourless crystalline salts. 
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Para-rosaniline, OH*C(OflH 4 NH 2 ) 3 , and rosaniline, OH* 

bases of the fuchsine dyes. They 

are olbtained by* precipitating solutions of their salts with 
alkalis, and crystallize from hot water or alcohol in colourless 
needles or plates, which become red in the air. Both are tri- 
acid bases, stronger than ammonia. As they yield tri-diazonium 
salts on treatment with nitrous acid, they must contain three 
primary amino -groups. The diazonium compounds readily 
yield the corresponding hydroxylic dyes, aurine and rosolic 
acid (p. 618), when boiled with water. 

Constitution , — The relations between the rosanilines and tri- 
phenyl-methane were made clear by Emil and Otto Fischery who 
transformed leucaniline into diphenyl-to^l-methane by ^azo- 
tizing and decomposing with alcohol. In a similar manner, 
paradeucaniline was converted into triphenyl-methane. The 
two leuco-bases are, therefore, undoubtedly triamino-derivatives 
of diphenyl-^-tolyl-methane and of triphenyl-methane respec- 
tively. The dye-bases, which differ from the leuco-bases by 
one atom of oxygen, are the corresponding carbinol derivatives, 
i,e. rosaniline is triamino-diphenyl-^-tolyl-carbinol, and para- 
rosaniline triamino-triphenyl-carbinol. 

That the three amino-groups are distributed equally among 
the three benzene nuclei is clear from the synthesis of para- 
leucaniline by means of ^nitro-benzaldehyde. ^Nitro-ben- 
zaldehyde, aniline, and sulphuric acid yield p-nitro-diamino- 
triphenyl-methane, N 02 *C^H 4 *CH(C^ 4 *NH 2 ) 2 , which, when 
reduced, yields para - leucanuina We have, therefore, the 
following formulae; 


yCeH^.NH, yCoH,.NH* 

CH^4H4.NH. qOH)^^4.NH- 
\C4H,.NH2 ^CeHjCCHj.NH, 


Para-leacaniline. 


It can be shown that each amino-group occupies the im- 
position with respect to the methane carbon atom. Diamino- 
triphenyl-methane can be synthesized from benzaldehyde and 
aniline in the presence of a dehydrating agent. When 
diazotized and warmed with water, the corresponding dihy- 
droxy-triphenyl-methane is formed, and this, when fused with 
potash, yields im-dihydroxy-benzophenone ; 

CeH4.CH(CeH4NH2)2 — CeH5.CH(CeH4.0H)2 — 

in this last compound the |>-position8 of the hydroxy-groups 

(B480) iQ 
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have been established, and hence the original amino-groups 
must also have occupied the p-positions, unless intramolecular 
rearrangement has occurred. 

When p-nitro-benzaldehyde is condensed with aniline, ^nitro- 
diamino-triphenyl-methane is formed, and the nitro-group must 
be in the ^-position, and by analogy with the previous reaction 
the two amino-groups are also in |^positions, and as this com- 
pound on reduction yields para-leucaniline it follows that all 
three amino-groups occupy ^-positions — a conclusion which is 
supported by the fact that para-leucaniline can also be trans- 
formed into ^ihydroxy-benzophenone. 

The salts of rosaniline and para - rosaniline, fuchsine, 
C20H20N3CI, rosaniline nitrate, C2oH^oN3(N08), rosaniline 
acetate, 02oH2nN3(C2H30J, para-fnchsme, CigHi8N3Cl, &c., 
are the actual dyes. While they possess a magnificent 
fuchsine-red colour in solution, and have intense colouring 
power (dyeing wool and silk without a mordant), their crys- 
tals are of a brilliant metallic green with cantharides lustre, 
i,e, of nearly the complementary colour. They are fairly 
soluble in hot water and alcohol. 

In the formation of the salts, water is eliminated: 

0(0HXCeH4.NH2)3 + HQ = HCl + HgO. 


In the dyes there is therefore present a peculiar nitrogen- 
carbon linking (see formula I), which is reminiscent of the 
older quinone formula; but the simpler constitution (formula 
II), which corresponds with the newer quinone formula, is now 
more generally accepted, and is usually termed the quinoncdd 
formula: 

(I) (II) qCeH^NH,)^ 

DaH4.NH, /CaH4.NH3 

-CflH4.NH3 O^eH .NH, 

^aH4.NH, Ha X)aH4:NH, HQ 


or 


J 

(Ftach&r) 


{NietOci) 

Para-rosaniline chloride. 


NH^a 


An analogous separation of «water is also observed in the 
formation of salts of the malachite green base, but this only 
takes place upon warming, as is proved by the fact that it 
dissolves without colour in cold acids, ana that the intense 
coloration of the salts first becomes apparent after wanning 
the solution. 

In addition to the above salts there also exist acid ones, 
e,g. CjqHj^NjCI + 3 HC 1 (which yields a yellow-brown solution, 
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not a fuchaine-coloured one) ; these dissociate into the neutral 
salts and free acid upon the addition of much water. The 
formation of such acid salts is readily accounted for by the 
quinonoid formula. 

Bosenstiel has suggested the constitution Cl*C(OgH 4 NHo )3 
for para-fuchsine, according to which the salt is the chloride 
(ester) of a tertiary alcohol. Such a constitution, according 
to Hantzsch and Osswald (B. 1900, 33, 278), is not in harmony 
with known facts. 

Assuming the quinonoid structure II for para-fuchsine, then 
the conversion into para-rosaniline under the influence of 
alkalis should be preceded by the formation of an unstable 
quaternary ammonium hydroxide, which becomes transformed 
into the carbinol compound, para-rosaniline: 

qCoH4NH2)2 



NHja NHj.OH NHj 


Para-fuchsine. Para-rosaniline. 

Hantzsch and Osswald^ by means of electrical conductivity 
determinations (B. 1900, 33, 278), have been able to indicate 
the presence of such an ammonium derivative in the solution 
which is formed when the dye is brought into contact with an 
equivalent of alkali. This compound is coloured in contra- 
distinction to the carbinol base, is very strongly basic and 
therefore strongly ionized, and is gradually transformed into 
the insoluble carbinol base. Para-rosaniline and the dye-bases 
generally are pseudo-bases corresponding in many respects with 
the pseudo-acids (p. 387). 

Formerly in the manufacture of magenta, a mixture of ani- 
line with 0 - and ^-toluidine was oxidized by syrupy arsenic 
acid, stannic chloride or mercuric chloride or nitrate, &c.; in 
the modern method, a mixture of nitro-benzene with aniline 
and toluidine is heated witli iron filings and hydrochloric 
acid (Coupler), Nitro-toluene may also be employed instead 
of nitro-benzene. If o-toluidine is present in the mixture of 
aniline and ^toluidine to be oxidized, rosaniline is formed, 
and if it is absent, para-rosaniline. When pure aniline is oxid- 
ized alone, it yielcb no fucbsine at all, but products of the 
nature of induUn. This is explained by the fact that for the 
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formation of fuchsine a carbon atom is required which shall 
serve to link the benzene nuclei together, a so-called “ methane- 
carbon”; in the action of carbon tetrachloride upon aniline, 
this carbon originates from the tetrachloride, and in the oxi- 
dation of a mixture of aniline and ^toluidine, from the methyl 
group of the latter, as is shown in the following scheme: 

NH,.C,H,.CH,+ 2C,H,NH, - 

Para-rosaniline and rosaniline are also formed by heating ^- 
diamino-diphenyl-methane (p. 504) with aniline and o-toluidine 
respectively, in presence of an oxidizing agent (B. 25, 302). 

When rosaniline is heated with hydrochloric or hydriodic 
acid to 200°, it is split up into aniline and toluidines; when 
superheated with water, para-rosaniline yields ^nlihydroxy-ben- 
zophenone, ammonia, and phenol. When boiled with hydro- 
chloric acid, rosaniline breaks up into p-diamino-benzophenone 
and o-toluidine (B. 16, 1928; 19, 107; 22, 988). A solution 
of fuchsine is decolorized by sulphurous acid, an additive- 
product, fuchsine-sulphurous acid, being formed. This solution, 
Schiff^s reagent, is a delicate reagent for aldehydes, which 
colour it violet-red (see p. 127; B. 21, Ref. 149, &c.). 

Formaldehyde and o-toluidine yield methylene o-toluidine, 
CHg : N • CgH^ • CHg, which consenses with o-toluidine and its 
hydrochloride, yielding diamino-o-tritolylmethane, which can 
be oxidized to the dye new magenta. 

1 . Kethylated rosanilines (Hofmann^ Lauth ), — The red 
colour of para-rosaniline and of rosaniline is changed into 
violet by the entrance of methyl or ethyl groups, the intensity 
of the latter colour increasing with an increasing number of 
these groups. The salts of hexamethyl-para-rosaniline have 
a magnificent bluish-violet shade. In the manufacture of these 
“meSiyl-violets” one either (1) methylate rosaniline (by 
means of CHgCl or OHgl); or (2) oxidize, instead of aniline, 
a methylated aniline such as dimethyl-aniline by means of 
cupric salts, whereby para-rosaniline derivatives result; or (3) 
allow phosgene to act upon dimethyl-aniline (or the latter to act 
upon the tetramethyl- diamino -benzophenoiie first produced): 

COCl3-f3CeH,.N(CH3), = C(OH)[CeH4.N(CH3)2], + 2Ha 

In the last case hexamethyl-violet, termed “ crystal violet ” 
on account of the beauty of its crystals, is formed, while the 
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methyl-violets prepared by methods (1) and (2) are mixtures of 
hexa-, penta-, and tetramethyl-rosanilines and are amorphous. 

The hydrochloride of the hexamethyl dye has the consti- 
tution : 



An interesting synthesis of this compound is by the action of 
the magnesium derivative of ^bromo^imethyl-aniline on tetra- 
methyl-diamino-benzophenone and subsequent treatment with 
hydrochloric acid (cf. Synthesis of Tertiary Alcohols, p. 125). 

The hexamethyl - carbinol no longer contains an amino- 
hydrogen atom, in consequence of which any further methyl 
chloride or iodide cannot effect an exchange of hydrogen for 
alkyl, but can only form an additive compound, a quaternary 
ammonium salt. Such addition causes a change of colour from 
violet to green; thus the compound 

IS the dye methyl green or light green. Ethyl green (ethyl- 
hexamethyl rosaniline) is formed by the action of ethyl bro- 
mide on methyl violet. 

Various ethyl violets are known corresponding with the 
methyl violets. The hexa-substituted rosanilines, which con- 
tain benzyl as well as methyl or ethyl groups, are similar to 
crystal violet ; their sulphonic acids form useful dyes, e.g, aoid 
violet. 

2. Fhenylated rosanilines. By the successive entrance of 
phenyl-groups into rosaniline, there are formed in the first 
instance violet dyes, which change to blue when three phenyl 
groups have entered. Triphenyl-fuchsine or ‘^aniline blue” 
IF a beautiful blue dye, insoluble in water but soluble in 
alcohol. It is prepared by heating rosaniline with aniline in 
presence of benzoic acid, when ammonia is eliminated; or by 
the oxidation of phenylated aniline, i,e, diphenylamine, e.g, by 
means of oxalic acid. The latter supplies the “methane carbon 
atom”, and the beautiful “diphenylainine blue” or spirit blue 
which is formed is a para-rosaniline derivative. Formic alde- 
hyde can also supply the methane carbon atom. 

Dyes insoluble m water are converted into soluble sulphonic 
acids. Such acids are Nicholson’s blue, water blue, and light 
blue. Patent blue, new patent blue, are disulphonic acids. 
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3. TEIHYDROXY-TRIPHENYL-METHANE, OH(OA-OH)fc 
OR THE AURINE GROUP 

The hydroxy-analogues of para-rosaniline and rosaniline are 
aurine, C„H,40g, and rosolio acid, CggHjgOg: 

(OH-CeHgXiC-CgHg.O or (0H-C9H4)g-C:CeH4:0 
i i Aurine. 

These likewise possess the dye character, but, instead of 
being basic, they are acid dyes (phenol dyes) ; they are of far 
less value than the basic dyes which have been already 
described. They are formed when the diazonium derivatives 
of para-rosaniline or rosaniline are boiled with water {Caro 
and JVanklyn^ 1866): 

0H.C(06H4N2S04H)3 -h 3 H 3 O == 0H.C(C6H4-0H)8 + 3 N 2 -f- 3 H 2 SO 4 ; 

0H.C(C6H4-0H)3 = (OH.C6H4)aO:aH4:0 + HaO. 

The carbinbl which must be produced here in the first instance 
is incapable of existence, and loses water. The constitutional 
formulae follow from this close relation to the rosanilines. 

Aurine is also obtained by heating phenol with oxalic and 
sulphuric acids to 130'’-150‘" {Kolhe and Schmitt^ 1859), the 
oxalic acid yielding the methane carbon atom rosolic acid 
results in an analogous manner from a mixture of phenol and 
cresol with arsenic and sulphuric acids. Phenol by itself yields 
no rosolic acid upon oxidation. 

Aurine and rosolic acid crystallize in beautiful green needles 
or prisms with a metallic lustre, dissolve in alkalis with a 
fucb sine-red colour, and are thrown down again from this 
solution by acids. The alkaline salts are decidedly unstable, 
aurine being but a weak phenol ; at the same time it possesses 
a slightly basic character. An ammonium salt is known 
which crystallizes in dark-red needles with a blue lustre. 
Upon reduction there are formed the leuco-compounds leu- 
caurine, '011)3, leuco-rosolic acid, OH-C^HaMe* 

CH(C3H4 '011)2, both of which ciystallize in colourless needles 
of phenolic character. Superheating with water transforms 
aurine into jt?-dihydroxy-benzophenone, CO(C3H4'OH)2, and 
phenol; superheating with ammonia, into para-rosaniline. 

Chrome violet, prepared from formaldehyde, salicylic acid, 
and sulphuric acid, is sodium-aurine-tricarboxylate. 
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4. TRIPHENYL-METHANE-CARBOXYLIC ACID, OR THE 
EOSIN GROUP 

Tripheiiyl-methaiie-caxboxylicacid,CH(CgH5)2(CgH4 • COgH), 
obtained by the reduction of phthalophenone (see below), crys- 
tallizes in colourless needles melting at 162° and yields tri- 
phonyl-methane by the elimination of carbon dioxide. 

Triphenyl-carbinol-^oarboxylic acid, OH*C(C6H5)2(CgH4« 
COgH). The anhydride of this acid, which is termed phtha- 
lophenone, is obtained by heating phthalyl chloride with 
benzene and aluminium chloride (A. 202, 50), and forms plates, 
melting at 115°. The acid itself is incapable of existence, but 
its salts are obtained by dissolving the anhydride in alkalis. 
Phthalophenone is on the one hand a triphenyl-methane de- 
rivative and on the other a derivative of phthalic acid; in 
accordance with the constitutional formula: 



it is to be regarded as diphenyl-phthalide (Phthalide, p. 489). 

Phthalophenone is the mother substance of a large senes 
of dyes, which are derived from it by the entrance either of 
hydroxyl or of amino-groups. They are prepared by the action 
of phenols upon phthalic anhydride, and are termed Phthalans, 
Phenol and resorcinol, for example, yield the compounds: 


and 


OHV 

OH> 




Phenol-phthaleYn 


Fluorescelfii. 


Quinonoid formulae for the salts are also probable, 
C02Na.CeH4.C<^«“‘;3^* and COjNa.CoH4.C<g«g»^0^“’ 


Free phenol-phthalein, which is colourless, probably has the 
lactone formula, and its coloured salts the quinonoid structure. 
Phenol-phthalein would then be a pseudo-aM (p. 388). A large 
excess of alkali transforms the coloured salts into colourless ones, 
probably COgNa . • C(OH)(aH4 . See K Meyer, 

M. 1899, 20, 337; B. 36, 2949; o8, 1318; Green and others, 
J. C. S. 1904, 398; B. 39, 2365; 40, 3724; Stieglitz, J. A. C. S. 25, 
1112; Acree, Am. C. J. 39, 528, 771; 42, 115; Kehrmann, A, 
372, 287; B. 46, 3346, 3504; Liebig, J. pr. 86, 97, 241, 
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In the case of fluorescein a molecule of water is split off 
from two hydroxyls of the two resorcinol residues. Phthaleins 
of this kind (being hydroxy-phthalophenones) are converted by 
reduction into the hydroxy-derivatives of triphenyl-methane- 
carboxylic acid, which are termed Phthalines^^; e,g. phenol- 
phthalein into dihydroxy -triphenyl -methane -carboxylic acid 

{i.e, phenol-phthaline), The phthalines are 

colourless, and are to be looked upon as leuco-compounds of 
the phthaleins. The phthaleins include many dyes which are 
of technical value, e.g, the eosins (Caro, Baeyer, 1871). 

Fhenol-phthaleYn is prepared by heating phthalic anhydride 
with phenol and sulphuric acid, or better, stannic chloride (or 
oxalic acid), to 1 15°-1 20°. It may also be obtained by nitrating 
diphenyl-phthalide, reducing the two substituting nitro-groups, 
and replacing the amino-groups thus formed by hydroxyl in 
the usual manner (A. 202 , 68). It crystallizes from alcohol in 
colourless crusts; is nearly insoluble in water, but dissolves 
in dilute alkalis with a beautiful red colour which vanishes 
again on neutralization with acids ; it is thus a valuable indi- 
cator. With very concentrated alkalis phenol-phthalem yields 
colourless solutions (cf. p. 519). A colourless and a red ethyl 
derivative are known corresponding with the lactone and 
quinone structures. The j^-positions of the two hydroxy- 
groups have been proved by conversion into p-dihydroxy- 
benzophenone. It yields a di-acetyl derivative melting at 143° 
and an oxime melting at 212°. It is reduced by potash and 
zinc dust to phenol-phthaline (colourless needles), which dis- 
solves in alkali to a colourless solution, but is readily reoxidized 
in this solution to phenol-phthalem. When treated with 
magnesium methyl iodide it does not show the presence of 
active hydrogen atoms, whereas fluorescein contains two 
active hydrog^en atoms (G. 1912, 42 , ii, 204). 

Fluorane, BooHjoOg, is formed as a by-product in the phenol- 
phthalem melt, and is the mother substance of fluorescein, 
and like pyrone can give rise to oxonium salts. The whole 
group of dyes is often known as the Pyronine group. 


Fluorane, 
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FluoresoeYn, Dihydroxy-fluorarieovresin'dml^hthald^^ 

+ HgO, is prepared by heating phthalic anhydride ana resor- 
cinol at 200®. It forms a dark-red crystalline powder, and dis- 
solves in alcohol with a yellow-red colour, and in alkalis with 
a red colour and splendid green fluorescence. It is reducible 
to the phthaline “ Fluorescin ”, and with bromine yields red 
crystals of tetrabromo-fluorescem, the potassium salt of which, 
OgoHeBr^OgKo, is the magnificent dye eosin. Fluorescing dyes 
are likewise formed in an analogous manner from all the de- 
rivatives of 1: 3-dihydroxy-benzene, in which position 6 is un- 
occupied, and the reaction is often made use of on the one 
hand for testing for m-dihydroxy-derivatives, and on the other 
for phthalic anhydride or succinic anhydride. 

Instead of phthalic acid itself, chlorinated or brominated, 
&c., phthalic acids may be employed, so that, by gradually 
increasing the amount of halogen present, a whole series of 
yellow-red to violet-red eosins can be prepared, e,g, tetrabromo- 
di-iodo-eosin; these are known under the names of Erythrosin, 
Rose de Bengale, Phloxin, &c. It is worthy of note that many 
other dibasic acids (e.g, succinic) and also benzoic acid are 
capable of yielding fluorescing compounds. Gallein, 
is the dye obtained from pyrogallol and phthalic anhydride. 

The rhodamines are dyes closely allied to fluorescein. They 
are obtained by the condensation of phthalic anhydride and 
p-alkylated-amino-phenols in presence of sulphuric acid. They 
contain the pyrone ring, and may be regarded as fluorescein 
in which the two hydroxyl groups have been replaced by 
tertiary amino-groups. Tetea-ethyl rhodamine (I), 

(I) C^CeH^iNEtf)/®’ (II)CO*H.C8H4.C<g«g3Soa** 

I \CeH4.C0-0 

is colourless, and has basic properties. The salts, e,g. chloride, 
Bhodamine B, are red dyes, and probably possess either a 
quinonoid or oxonium (II) stricture. 


Tetraphenyl-methane, 6(0^115)4. — Tripheiwl-bromo-methane 
and phenyl-hydrazine yield CPhg-NH-NHPh, triphenylme- 
thane-hydrazobenzene, which gives the corresponding azo- 
compound when oxidized, CPhg-NiNPh, and when this is 
heated nitrogen is evolved and tetraphenyl-methane is formed. 
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It is more readily prepared by the action of magnesium phenyl 
bromide on triphenyl-chloro-methane (B. 1906, 39, 1462), and 
forms colourless crystals, melting at 282°. 

5 -Tetraphenylethane, CHPhg-CHPhg, is readily synthesized 
by the action of benzenediazonium sulphate on copper acetylide, 
4 N:NPhS 04 H + 2 CuC:CCu CHPhg-CHPh, + 4 CuSO^; 
diphenyl is formed as a by-product. (J. russ. 1916, 48 , 263.) 


XXXL COMPOUNDS WITH CONDENSED BENZENE 
NUCLEI. NAPHTHALENE GROUP 

The higher fractions of coal-tar contain hydrocarbons of 
high molecular weight, especially naphthalene, Cjy.Hg, an- 
thracene, C^^Hjq, and its isomeride phenanthrene. The first- 
named is found in the fraction between 180°-200°, and the 
two latter in that between 340°-360°. 

These compounds are of more complex composition than 
benzene, the molecule of naphthalene differing from that of 
the latter by C 4 H 2 , and those of anthracene and phenanthrene 
from that of naphthalene by the same increment. They 
closely resemble benzene as regards behaviour, and give rise 
to types of derivatives similar to those of benzene itself. 

They undoubtedly contain benzene nuclei, as anthracene 
yields benzoic acid upon oxidation, naphthalene phthalic acid, 
and phenanthrene diphenic acid. 

NAPHTHALENE GROUP 

Naphthalene, was discovered by Garden in 1820. 

It is contained in coal-tar and crystallizes from the fraction 
which distils over between 180°-200°. These crystals are 
pressed to free them from oily^ impurities, and can then be 
further purified by treatment with small amounts of con- 
centrated sulphuric acid and subsequent sublimation. 

It is also formed when various carbon compounds are sub- 
jected to a red heat; thus, together with benzene, styrene, 
&c., by passing the vapours of methane, ethylene, acetylene, 
alcohol, acetic acid, &c., through red-hot tubes. 

The constitutional formula (p. 524) is largely based on the 
following syntheses: — 
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1. By the action of o-xylylene bromide upon the sodium 
compound of the symmetrical ethane -tetracarboxy lie ester, 
ethyl tetrahydronaphthalene-tetracarboxylate is formed: 


p -rr /CHjBr , Na*C(C02Et)2 _ p „ ^CHa'C(002Et)g 

e *\CHaBr + Na.C(C02Et)a * ^XIHa.qCOaEt), 


+ 2NaBr; 


and from this, naphthalene may be obtained by hydrolysis, 
the elimination of the carboxyl groups and subsequent oxi- 
dation {Baeyer and Perkin^ B. 17, 448). 

2. a-Naphthol, CioH7«OH, is produced by the elimination 
of water from y-phenyl-isocrotonic acid (Fittig and Erdmann^ 
B. 16, 43; see p. 456), and yields naphthalene when heated 
with zinc dust. 

3. i7. F, Thorpe (P. 1906, 21, 305) has succeeded in syn- 
thesising a number of naphthalene derivatives by means of 
ethyl sodio-cyano-acetate, e,g, ethyl 1 : 3-diamino-naphthalene-2- 
carboxylate from ethyl sodio-cyano-acetate and benzyl cyanide. 

CeHfi.CHa-CN + (XlaEt-CHa-CN 

— CaH5.CHa-C(:NH).CH(COaEt)CN, 

and this with sulphuric acid yields the bicyclic compound I, 
which is immediately transformed into the diamino-deriva- 
tive IL 



The same compound may be synthesised from ethyl sodio- 
cyano-acetate by the following stages (J. C. S. 1907, 91, 678). 
Condensed with o-toluyl chloride, CHq-O^H.-CO-CI, it yields 
ethyl cyano-o-toluyl-acetate, CHg • C5H4 • CO • CH(CN)C02Et, 
and this when heated with ammonium acetate gives the corre- 
sponding imino-derivative, CHg • CgH^ • C( : NH) • UH(CN)C02Et, 
ethyl ^-imino-a-cyano-)8-o-tolyl-propionate, which reacts with 
acids giving compound I. 

l:4-Naphthalene-diamines have been prepared by similar 
methods, using derivatives of phenyl-butyric acid (J. C. S. 
1907, 91, 1004). 

Constitution . — That naphthalene contains a benzene nucleus, 
in which two hydrogen atoms occupying the ortho -position 
are replaced by the group ^C4H4)" follows not only from its 
oxidation to phthalic acio^ out also from its formation from 
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d-xylylene bromide. And that the four carbon atoms of this 
group are linked to one another without branching is shown 
by the formation of a-naphthol. 


CH 



OH 

y-Phenyl-lBO-crotonlc acid 


CH 


rY> 


CH 



a>NaphthoL 


That there are actually two so-called ‘‘condensed benzene 
nuclei present in the naphthalene molecule is a conclusion 
drawn from experiments of the following type : — 

a-Nitro- naphthalene (p. 527) on oxidation yields nitro- 
phthalic acid, CgH 3 (N 02 )(C 02 H) 2 ; consequently the benzene 
ring to which the nitro-group is linked remains intact. But, 
on reducing the nitro-naphthalene to amino-naphthalene and 
oxidizing the latter, no amino-phthalic acid nor any oxidation 
product of it is obtained, but phthalic acid itself, a proof that 
this time the benzene nucleus to which the amino-group is 
attached has been destroyed, and that the other has remained 
intact (Graebe, 1880; for an analogous proof by him, see 
A. 149, 20). 

Naphthalene therefore receives the constitutional formula I 
{Erlenmeyer, 1866) 



There is the same diflBiculty in deciding between the double 
bond KeJcuU formula and the centric formula II {Bamberger) as 
in the case of benzene; and probably formula III, suggested 
by Harries (A. 1905^ 343, 311), is most in harmony with the 
behaviour of napthalene on oxidation and reduction. (Of., 
however, Starh^ Abs. 1913, ii, 366.) 

The above constitutional formula is in complete harmony 
with the number of isomeric forms in which naphthalene 
derivatives occur, and also with the formation of additive 
compounds with hydrogen or chlorine. 
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This union of two benzene nuclei is accompanied by a 
modification of their properties, so that naphthalene and its 
derivatives differ characteristically from benzene in many 
respects. Such differences show themselves, for instance, 
between the naphthylamines and aniline, the naphthols and 
phenol; and also especially in the greater readiness with 
which the naphthalene derivatives are reduced, the latter 
taking up as many as four atoms of hydrogen easily. 

After such addition the reduced nucleus is found to have 
entirely lost the characteristics of a benzene nucleus, and to 
have become similar in properties to an alphyl radical, whereas 
the non-reduced nucleus assumes the character of a benzene 
nucleus in its entirety {Bamberger), (See the Tetrahydro-deriva- 
tives of the Naphthylamines and Naphthols, pp. 527 and 529.) 

Properties , — ^Naphthalene crystallizes in glistening plates, is 
insoluble in water, sparingly soluble in cold alcohol and ligroin, 
but dissolves readily in hot alcohol and ether; it melts at 80® 
and boils at 218®. It has a characteristic tarry smell, and is 
distinguished by the ease with which it sublimes and volatilizes 
with steam. 

With picric acid it yields an additive compound, O^oHg, 
0 H-CgH 2 (N 02 ) 8 , crystallizing in yellow needles and melting 
at 149 . It takes up hydrogen far more readily than benzene 
does, yielding di- and tetrahydronaphthalenes, CiqH^ and 
C 10 H 12 ; both of these are liquids of pungent odour which re- 
generate naphthalene again when heatea. By the powerful 
action of hydriodic acid and phosphorus, the second benzene 
nucleus can also be made to take up hydrogen, so that a hexa- 
hydro-, CjoHi 4 , and finally a dekahydronaphthalene, 
are formed. It also yields additive products with chlorine 
more readily than benzene does, e,g, naphthalene dichloride, 
CioHgCIg, and -tetrachloride, C^oHgCl^ (m.-pt. 182°); the latter 
is oxidized to phthalic acid more easily than naphthalene itself, 
hence that acid is sometimes prepared from it on the large scale. 

Naphthalene is principally uged for the preparation of phthalic 
acid (for eosin, indigo, &c.), and of naphthylamines and naph- 
thols (for azo-dyes); also for the carburation of illuminating 
gas. It is a powerful antiseptic, and is employed therapeuti- 
cally. 

NAPHTHALENE DERIVATIVES 

The number of substitution products in the case of naph- 
thalene is greater than with benzene. 



526 


XXXI. NAPHTHALENE GROUP 


The rrumchderwaiives invariably exist in two isomerit formSj the 
a- amd ^-compounds, e.g.; 

CjoHyCl (a- and jS-chloro-naphthalene). 

CioH,NH 2 (a- and | 8 -naphthylamine). 

C 1 QH 7 OH (a- and /3-naphthol). 

C10H7CH3 (a- and /3-methyl-naphthalene). 

As in the case of the benzene compounds, the existence of 
two series of mono-derivatives has not only been established 
empirically, but it has also been proved (in a manner similar 
to that given on p. 350, et seg,) that in the naphthalene mole- 
cule two sets of hydrogen atoms (the a and /?,a=l,4,5,8; 
/8 = 2, 3, 6, 7) have an equal value as regards one another, 
but the atoms of the one set differ from those of the other, so 
that the a- and the /8-positions occur severally four times, i.e. 
twice in each benzene nucleus {Atterherg), 

The above constitutional formula for naphthalene satisfies 
these conditions, since, according to it, the positions 1, 4, 5, 
and 8 are severally equal and also the positions 2, 3, 6, and 7, 
but not the positions 1 and 2. The conception that in the 
a-compounds the position 1, 4, 6, or 8 is occupied is due to 
lAeberrmnn (A. 183, 225), Reverdin and Noelting (B. 13, 36), 
and Fittig and Erdmann (cf. the formation of o-naphthol given 
above). 

With regard to the di-derivatives of naphthalene, a consider- 
able number of isomerides of a good many are known; accord- 
ing to the naphthalene formula, ten are theoretically possible in 
each case when the two substituents are the same, and fourteen 
when they are different. The ten possible isomerides are 
1:2, 1:3, 1:4, 1:6, 1:6, 1:7, 1:8, 2:3, 2:6, and 2:7. All other 
combinations are identical with one of these ten. According 
to Armstrong and Wynne ten dichloro- and fourteen trichloro- 
naphthalenes are actually known. (See also B. 1900, 33, 1910, 
2131.) 

The position 1:8 is termed the^“j7^” position; it resembles 
the ortho- position to some extent, e,g, ^erf-naphthalene-dicar- 
boxylic acid like an (Hlicarboxylic acid yields an anhydride. 

The homologues of naphthalene are of comparatively small 
importance, and are usually prepared by Fittig^ s or by Friedel 
and Crafts^ synthesis. Most of them are liquids, and on oxi- 
dation yield acids resembling benzoic acid. 

«-Bromo-naphthalene can be prepared directlv by brominat- 
ing naphthalene, and is partially converted into tne /u-compound 
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when heated with aluminium chloride. Its bromine atom is 
somewhat more readily exchangeable than that of bromo- 
benzene, but cannot be eliminated by boiling with alkalis. 
Interesting methods of formation of the halogen derivatives 
are by heating the hydroxy-, nitro-, or sulphonic acid deriva- 
tives with phosphorus pentachloride. 

o-Nitro-naphthalene, CjoH^-NOo {Laurent^ 1835), is formed 
by the direct nitration of naphthalene. It crystallizes in 
yellow prisms, melts at 61°, boils without decomposition, and 
readily yields 1 : 5 and 1 : 8 di- and various tri- and tetra-nitro- 
naphthalenes upon further nitration. On reduction it is con- 
verted into a-naphthylamine. The position of the nitro-group 
has been established by conversion of this compound into a- 
naphthol. 

The isomeric ^-nitro-naphthalene can be obtained indirectlv 
by diazotizing /3-naphthylamine, and acting on the product with 
sodium nitrite in presence of cuprous oxide (B. 20, 1494; 36, 
4157); it crystallizes in bright yellow needles melting at 79°. 

a-Naphthylamine, (Zinin), forms colourless 

needles or prisms, melts at 50°, boils at 300°, and is readily 
soluble in alcohol. It can be obtained by reducing the a-nitro- 
compound, and also readily by heating a-naphthol with the 
double compound of calcium chloride and ammonia, while 
aniline can only be prepared from phenol in a similar manner 
with difficulty: + = Cj.Hy.NHo + HgO. 

It possesses a disagreeable faecai-like odour, sublimes readily, 
and turns brown in the air. Certain oxidizing agents, such as 
ferric chloride, produce a blue precipitate with solutions of its 
salts, while others give rise to a red oxidation product ; chromic 
anhydride oxidizes it to a-naphthaquinone. In other respects 
it resembles aniline; for differences, see B. 23, 1124. Its hy- 
drochloride is only sparingly soluble in water. 

The isomeric ^-naphthylamine, CjqHy-NHj (Lieheirmnn, 
1876), is most conveniently prepared by heating ^-naphthol 
either in a stream of ammonia or with the douWe compound 
of zinc chloride and ammonia.* It is now generally prepared by 
the action of ammonium hydroxide and sulphite on /S-naphthol 
(C. C. 1901, 1, 349). Naphthyl ammonium sulphite is formed as 
an intermediate product and reacts with the ammonia, yield- 
ing naphthylamine and ammonium sulphite. This reaction is 
frequently used for transforming derivatives of a and P naph- 
thol into corresponding amino-compounds. The reaction is 
reversible and can be used for replacing NHj by OH. 
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j8-Naphthylamine crystallizes in nacreous plates, melts ai 
112®, boils at 294°, and has no odour. It is more stable than 
a-naphthylamine, and is not coloured by oxidizing agents. 

Both of these naphthylamines can be converted mto tetra- 
hydro-compounds by the action of sodium and amyl alcohol 
(i.e. nascent hydrogen) upon them. The tetraliydro-a-naphthyl- 
amine resembles its mother substance closely in most of its 
properties, e.y. it can be diazotized and has entirely assumed 
the character of aniline; the hydrogen atoms have entered the 
nucleus which does not contain the amino-group. It is termed 
aromatic or “ar”-tetrahydro-a-naphthylamine. (Formula I.) 
Tetrahydro-j^-naphthylamine, on the other hand, is not diazo- 
tized by nitrous acid, but transformed into a very stable 
nitrite. Here it is the benzene nucleus containing the 
amino-group which has become reduced; the compound has 
assumed the properties of an amine of the fatty series, and 
is termed alicydic or ‘‘ac”-tetrahydro-)8-naphthyIamine. 
(Formula II.) The a-compound is oxidizable to adipic acid 
(p. 239), and the ^-compound to o-hydrocinnamo-carboxylic 

acid, (Cf. Bamberger and others, B 

21 , 847, 1112, 1892; 22 , 626, 767; 23 , 876, 1124.) 



An ac-tetrahydro-a- and an ar-tetrahydro-^-naphthylamine 
have also been prepared. 

From both naphthylamines there are derived, as in the 
benzene series, methyl- and dimethyl-naphthylamines, phenyl- 
a- and -jS-naphthylamines (which are of technical importance), 
nitro-naphthylamines, diamino-naphthalenes or naphthylene- 
diamines, C 2 oH^(NH 2 ) 2 , diazoniom- compounds (which are in 
every respect analogous to the diazonium salts of benzene, 
especially in the formation of azo-dyes, many of which are of 
great technical importance), diazo-amino-compounds, &c. 

The diazo-amino-naphthalene, • N : N • NH • 
which is formed by the action of nitrous acid upon a-naphthyl- 
amine, readily undergoes a molecular transformation (like the 
corresponding benzene compound) into ammo-azo-naphthalene, 
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C|oH 7 *N:N-CiAHg*NH 2 . This latter compound crystallizes 
in brownish-red needles with a green metallic lustre, and can 
be diazotized, its diazo-compound yielding a-azo-naphthalene, 
(red to steel-blue glistening prisms), when 
boilea with alcohol. This last is not readily obtained by the 
methods which hold good for azo-benzene. 

A mixture of naphthalene a- and )3-sulphonio acids, 
SOg-OH, is obtained by warming naphthalene to 80° with con- 
centrated sulphuric acid. They may be separated by aid of 
their calcium or barium salts, as the jS-sulphonates are less 
soluble than the a-salts. The a-acid is transformed into the 
)8-acid when heated with concentrated sulphuric acid, and 
hence the chief product obtained by sulphonating naphthalene 
at 160° is the ^-acid B. 1916, 48 , 743). The sulphonic 
acid radicals in these compounds may be more readily 
replaced by hydroxyl or cyanogen than in the benzene series 
(B. 1914, 47 , 3160). 

Naphthalene-disulphonic acids, CiQHg(S 03 H) 2 . — Two iso- 
meric )8-^-acids (2:6 and 2:7) are formed when naphthalene is^ 
heated with concentrated sulphuric acid at 160^-200°, while an 
a-a-acid (1:6) is obtained with chloro-sulphonic acid, SO3HCI, 
in the cold, and the a-j8-acid (1:6) from the j8-mono-sulphonic 
acid in a similar manner. 

Naphthylamine- mono -sulphonic acids, 

OH. — Thirteen isomers of these are known (7 a- and 6 /S-). 
Wapthionic acid (NHg : SO3H = 1:4) is obtained by the 
sulphonation of a-naphthylamine ; it is employed in the pre- 
paration of azo-dyes, as are also several of its isomers and 
various naphthylamine - disulphonic acids. These last are 
obtained (a) directly from a- or j8-naphthylamine {Green and 
Vakil, J. C. S. 1918, 113 , 35), or (6) by nitrating the naph- 
thalene-sulphonic acids and then reducing to the amine. 

a- and /3-Naphthols, CjoH^-OH, which are present in coal-tar, 
can be easily prepared, not only from the naphthalene-sulphonic 
acids as above, but also by diazotizing the naphthylamines. 
They crystallize in glistening* plates, have a phenolic odour, 
and dissolve readily in alcohol and ether but only sparingly in 
hot water. a-Naphthol {Griess, 1866) melts at 95° and boils 
at 282°, while /3-naphthol {Schaffer, 1869) melts at 122° and 
boils at 288°; both of them are readily volatile at ordinary 
temperatures. They possess a phenolic character, but never- 
theless resemble the alcohols of the benzene series more than 
the phenols, their hydroxy-groups being much more reactive 



530 


XXXI. NAPHTHALENE GROUP 


than those of the latter, e,g, they can be readily replaced by 
amino-groups (see above). j8-Naphthol is an antiseptic. 

ar-Tetrahydro-a-naphthol, CioH 7 .H 4 .(OH), obtained by 
reducing a-naphthol, has the character of a pure phenol, and 
not that of a-naphthol. A mixture of ar- and ac- tetrahydro- 
^-naphthols is obtained from ^-naphthol, the ar-compound 
corresponds with phenol and the ac-compound with alcohol. 

Ferric chloride oxidizes a- and jS-naphthols, with production 
of violet and greenish colorations respectively, to di-naphthols, 
C 2 oHi 2 (OH) 2 , which correspond with the dihydroxy-diphe^ls 
(p. 501), and are derivatives of di-naphthyls (p. 532). The 
cautious oxidation of a-naphthol yields o-cinnamo-earbozylic 
acid, C 02 H*CgH 4 *CH:CH*C 02 H, and that of ^-n^hthol, 

0- carboxy-phenyl-glyoxylic acid, COnH-CgH^-CO-COgH. 

The naphthols yield alkyl and acyl derivatives. The ethers 
are formed by the action of an alcohol and hydrogen chloride 
on the naphthols. jS-Naphthyl-methyl-ether, Cj^^.O-CHg, 
is the nerolin used as a perfume. 

From the naphthols, as from the phenols, there are derived 
nitro-, dinitro-, trinitro-, and amino-compounds, &c. The 
calcium salt of dinitro-a-naphthol, CjoH 5 (N 02 ) 2 «OH, is known 
as Martins* yellow or naphthalene yellow, and its sulphonic 
acid, naphthol yellow S or fast yellow, is a valuable dye. 

Ammo -naphthols, C^^ 3 Hg(NH 2 )(OH), are obtained by the 
reduction of nitro-naphthols ; like the amino-phenols they are 
readily oxidized in the air. (NHjiOH in the a-compound 
= 1:4, in the )8-compound = 1:2.) 

A number of naphthol-mono-, -di-, &c., sulphonic acids are 
known, also amino-naphthol-sulphonic acids, which are of great 
technical value. Among these may be mentioned l:4-naph- 
thol-sulphonic acid (NevUe and Winther), from napbthionic 
acid, the 2: 8-acid, the 2: 6-acid, the /3-naphthol-disulphonio 
acids E (2:3:6) or “E-salt’', and G (2:6:8) or “ 6-salt 

1- Amino-8-naphthol-3:6-disulphonic acid = H acid. 

Sodium l-amino-2-naphthol-6-sulphonate is used as a photo- 
graphic developer under the name of Eikonogen, 

Azo-dyes. — A series of very important azo-dyes (see also 
under Benzidine, p. 600) are produced by the action of dia- 
zonium compounds, and of diazo-naphthalene-sulphonic acids 
upon the naphthylamines and napthols, and especially upon 
the sulphonic acids of these mentioned above. Some of the 
more important of these are described in Chapter LV, B. 

duinones of the Naphthalene Series. — Three isomeric quin- 
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ones, CioHgOg, are known; two correspond with para and 
ortho benzoquiriones. 

a-Naphthaquinone may be obtained by the oxidation of 
naphthalene, a-naphthylamine, 1-amino- 4-naphthol, 1 :4-di- 
hydroxy-napthalene, and of various derivatives of naphtha- 
lene containing substituents in the a-positions, by chromic 
acid. It crystallizes in yellow rhombic plates, melts at 125°, 
and is the complete analogue of ordinary quinone, having a 
similar odour and being volatile with steam. It can be 
reduced to 1 : 4-dihydroxy-naphthalene by sulphurous acid, 
and can yield a dioxime, hence its constitution as a para- 
or 1 :4-quinone. (Formula I.) 

^-Naphthaquinone (II) has no odour and is not volatile, 
being thus more like phenanthraquinone. It can be obtained 
by the oxidation of I-amino-2-naphthol, and when reduced 
with sulphurous acid yields 1 : 2-dihydroxy-naphthalene; hence 
its constitution as a 1:2 or orthoquinone. It decomposes at 
115° without melting and crystallizes in red needles: 



/\/\ /'\/\co 

CO 


2:6-Naphthaquinone (III), isomeric with the a- and /8-com- 
pounds, forms odourless, non-volatile, yellowish-red prisms, 
and is a strong oxidizing agent. 

Hydroxy-naphthaquinones are known; the common one is 
2-hydroxy-a-naphthaquinone; juglone is the isomeric 5-hy- 
droxy-compound, and occurs in nut shells; naphthazarine, 
“ alizarin black ”, is a valuable dye which is prepared by act- 
ing upon a-dinitro-naphthalene with zinc and sulphuric acid, 
comports itself like the alizarin dyes ; it is the “ alizarin ” of 
the naphthalene series. 

Naphthyl analogues of phenolphthalein and fluorescein are 
known. By the action of pBthalic anhydride on l:6-dihy- 
droxy-naphthalene, a colourless lactone, I, and a red quinonoid 
form of 3:ll-dihydroxy-naphthafluoran, II, are formed: 


I O- 


CO-CeH^ 




OH 


H, 


II COOH.C 4 H 4 . 



(0. Fischer and Konig, B. 1914, 47, 1076.) 
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Carboxylic Acids. — The naphthoic acids, CjoH^-COgH, can 
be obtained by saponifying the cyano-naphthalenes and also 
by the other synthetical methods given for the acids of the 
benzoic series. They crystallize in fine needles sparingly 
soluble in hot water, and break up into naphthalene and carbon 
dioxide when distilled with lime. From them are derived the 
hydroxy-naphthoic acids, Ci<)Hg(0H)(C02H), which are re- 
lated to salicylic acid or its isomers. Among the naphthalene- 
dicarboxylic acids, CjqH^(C 02 H) 2 , which are known may be 
mentioned naphthalic acid, (1:8), which at a somewhat high 
temperature yields an anhydride similar to phthalic anhy- 
dride. 

Phenyl-naphthalene, CjQH.7(CgH5), has also been prepared; 
it is a compound built up of a naphthalene and of a benzene 
nucleus, and is therefore analogous to diphenyl, CgHg-CgHg. 
The same applies to: 

Di-naphthyl, C loHr- which yields derivatives (e.g. the 
di-naphthols, see p. 530) analogous to those of diphenyl. The 
three modifications which are theoretically possible, namely 
the 0 - 0 -, and o-^-compounds, are known. 

Another derivative of naphthalene is acenaphthene, 

= (1:8), which is found in coal-tar. It crystal- 

lizes in colourless prisms, melts at 95°, boils at 277°, and yields 
naphthalic acid on oxidation. When passed through a red- 

CH 

hot tube it yields acenaphtylene, CiQHjgC^prx^, yellow cry- 
stals, m.-p. 93°. 


XXXII. THE ANTHRACENE AND PHENAN- 
THRENE GROUPS 

A. Anthracene 

Anthracene, Ci 4 Hiq {Dumas and Laurent, 1832; Fritzsche, 
1857), is formed, together with benzene and naphthalene, by 
the destructive distillation of coal and, generally, by the 
pyrogenous reactions which give rise to these products, e,g. 
by passing CH^, CgH^, C 2 H 2 , the vapour of alcohol, &c., 
through red-hot tubes. 

Although coal-tar contains only some 0*25-0’45 per cent of 
anthracene, it is the chief source from which this hydrocarbon 
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is obtained. The fraction of coal-tar distilling above 270® and 
known as anthracene oil yields, on further distillation and 
digesting with solvent naphtha, a solid mass known as 50- 
per-cent anthracene, which is then distilled with one-third of 

carbonate. This serves to remove 
yields a non-volatile potassium de- 

bhe distillate consists of anthracene 

and phenaiitlirene. The phenanthrene is removed by extrac- 
tion with carbon disulphide, and the anthracene crystallized 
from benzene. 

The following are some of the more important methods by 
means of which the hydrocarbon has been sj^nthesised, and 
they throw considerable light upon its constitution: — 

1. By heating <?-tolyl phenyl ketone with zinc dust (B. 7, 17): 

2. Together with dibenzyl, by heating benzyl chloride with 
water at 200® (B. 7, 276): 

4CeH,.CH2a = ChHio + ChHi4 + 4HCL 


of Its weight of potassium 


carbazole 

rivative 


,(t 60 I), 


which 


P. TT 


‘^NK, and 


3. From o-bromo- benzyl bromide and sodium in ethereal 
solution dihydro-anthracene is at first formed, and this is 
converted by oxidation (which is partly spontaneous during 
the above reaction) into anthracene (B. 12, 1965): 

C<'^<OT*Br+®'^XH4+4Na = C,H4<^|p>C.H4+4NaBr; 

4, By heating benzene with ^symmetrical tetrabromo-ethane 
and aluminium chloride (Anschutz, B. 16, 623): 

BrCHBr /CHv 

CeHe-f + CeHe = CeH,<^^eH4 + 4HBr. 


5. When phthalic anhydride is heated with benzene and 
aluminium chloride, o-benzoyl-benzoic acid is formed, and this 
when heated with phosphoric anhydride yields anthraquinone 
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'Behr and v. Dorp, B. 7, 578), which on reduction with zinc 
^ust gives anthracene: 


C.H«<gg>0+CA = = C,H4<gg>C,H,+H,0; 

C^«<gg>C,H, + 6H = CeH4<^^^,H, + 2H,0. 


6. When a mixture of wi-xylene and styrene is treated with 
concentrated sulphuric acid, there is formed a^tolyl-P-phenylr 

C H 

propane^ CH3-CgH4'CH2«CH<^Q|j \ which decomposes almost 

quantitatively into methane, hydrogen, and methyl-anthracene 
when strongly heated (B. 23, 3272). 

Constitution . — From mode of formation 5, the anthracene 
molecule is seen to contain two benzene nuclei, O3H4, joined 
together by a middle group, CoHj. The carbon atoms of this 
middle group are likewise linked together, as is seen from 
mode of formation 4, and take up the o-position with regard 
to each other on one or other of the benzene nuclei (on one 
nucleus according to methods of formation 1 and 5, and on 
the other according to method 3; for further proofs of this, 
see e.g. v. Pechmann, B. 12, 2124^ The constitution of an- 
thracene is thus the following (Oraebe and LiebermanUy A. 
Suppl. 7, 313): 


8 CH cn CH 1 




or possibly : 


/\^\/\ 


\/\/\/ 


The two carbon atoms of the middle group thus form a new 
hexagon-ring with the carbon atoms of the benzene nuclei to 
which they are linked, so that anthracene may also be looked 
upon as being built up by tho conjunction of three benzene 

>CHv 

nuclei. Besides the formula I yCgH^, the “quinoid” 

formula 03H4^Qjj^>CgH4 has also to be taken into consider- 


ation (Armstrong, P. 1890, 101; Kehrmann, B. 1894, 21, 3348). 

Properties and Behavumr . — Anthracene crystallizes in colour 
less plates which show a magnificent blue fluorescence. It is 
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insoluble in water and dissolves only sparingly in alcohol ana 
ether, but readily in hot benzene. It melts at 213®, boils above 
361®, and with picric acid yields an additive compound which 
crystallizes in beautiful red needles melting at 138®. 

Anthracene is transformed by sunlight into the polymeric 
para-anthracene, (Oi.Hjq) 2 . When reduced with hydnodic acid 
and phosphorus it taxes up, in the first instance, two atoms of 
hydrogen, with the formation of 9:10-dihydro-anthraoene, 

(see p. 533, mode of formation 3). This crystallizes in colour- 
less plates, melts at 107®, and is readily soluble in alcohol. It 
sublimes readily and distils without decomposition, but yields 
anthracene at a red heat or when warmedf with concentrated 
sulphuric acid. 

Further addition of hydrogen yields the hydrides 
and, finally, 

DEEIVATIVES OF ANTHRACENE 

Theoretically three isomeric mono-derivatives are possible in 
each case, viz., the a-, and y-compounds: 



since in the graphical formula given on the preceding page, 
l = 4 = 6 = 8 = a, 2 = 3 = 6 = 7 = i8, and 9 = 10 = y. 
The observed facts are in complete accordance with this. 

The position of the substituting group can usually be deter- 
mined either by an examination of the oxidation products, e,g. 
if it be in the y-position it ^dll be eliminated and anthra- 
quinone formed; or it is arrived at from the synthesis of the 
compound, e,g, in the case of alizarin, the formation of which 
from catechol and phthalic acid shows that its two hydroxyls 
are contained in one and the same benzene nucleus. 

The number of di-substituted derivatives is large, for example, 
when both substituents are alike, 15 isomerides are theoretic^ly 
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Numerous derivatives of anthracene are known, e,g, halogen-, 
nitro-, amino-, and sulphonic acid derivatives. 

Hydroxy-anthracenes. — The a- and )8-compounds are termed 
a- and ^-anthrols ; they are obtained by fusing the correspond- 
ing sulphonic acids with alkali, and in their properties closely 
resemble phenols and naphthols. 

y-Hydroxy-anthracene or anthranol may be obtained by 
reducing anthraquinone with zinc and acetic acid, or syntheti- 
cally, by the action of concentrated sulphuric acia on o- 
benzyl-benzoic acid at 80° : 

It is readily oxidized to anthraquinone, and with hydroxyl- 
amine yields anthraquinone oxime. 

Anthraquinone, Ci4Hg02 {Laurent, 1834), is readily obtained 
by oxidizing anthracene with chromic acid mixture (which is 
the method followed on the large scale), or with chromic an- 
hydride and glacial acetic acid, and is also produced when 
calcium benzoate is distilled. 

It crystallizes in yellow prisms or needles soluble in hot 
benzene, melts at 285®, sublimes with great readiness, and is 
exceedingly stable as regards oxidizing agents. Hydriodic 
acid at 160® reduces it either to anthracene or its dihydride, 
while fusion with potash converts it into benzoic acid. It 
possesses more of a ketonic than of a quinonic character 
{Zincke, Fittig), as it is not reduced by sulphurous acid, and 
gives an oxime with hydroxylamine. 

It yields mono- and dibromo-, nitro- and sulphonic - acid 
derivatives. Anthraquinone )8-mono-Bulphonio acid crystal- 
lizes in yellow plates, and is formed by the action of sul- 
phuric acid under normal conditions, but in the presence of 
mercury salts the isomeric a -acid is obtained; of the di- 
sulphonic acids two are formed directly from anthraquinone, 
and two may be prepared by the oxidation of the correspond- 
ing anthracene-disulphonic acids. 

Fusion of the sulphonic acids with potash does not generally 
yield the analogous hydroxy-compounds in theoretical quantity, 
oxygen being usually absorbed from the air at the same time; 
thus the mono-sulphonic acids yield mono- and dihydroxy-, 
and the di-sulphonic acids di- and trihydroxy-anthraquinones. 
In practical working the theoretical amount of chlorate of 
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potash required is added to the “melt”. Prolonged fusion 
with potash tends to form hydroxy-benzoic acids. 

Various hydroxy-anthraquinones can also be prepared by 
the synthetical mode of formation 5, p. 533, viz., from phthalic 
anhydride and the mono- or dihydroxy-benzenes {Baeyer and 
Caro, B. 7, 792; 8, 152), e»g.: 

C,H*<g>0 4-C,H,(OH), = C,H,<g>C,H^0H), + H,0; 


phenol yields by this method the two hydroxy-anthraquinones 
(yellow needles), catechol yields alizarin, quinol yields quini- 
zarin, and so on. The hydroxy-derivatives are further pro- 
duced by fusing chloro- ana bromo-anthraquinones with potash, 
while m- hydroxy -benzoic acid can be converted directly by 
sulphuric acid into anthraflavic acid, water being eliminated 
Cf. A. 240, 245. 

Alizarin, l:2-dihydroxy-anthraqiiinone, C,4H804, is the most 
important constituent of the beautiful red aye of the madder 
root {JRuhia tinctorum), which has been known for ages, being 
present in the latter as the readily decomposable glucoside, 
Euberythric acid, in addition to alizarin, madder 

also contains purpunn. It is manufactured on the large scale 
by fusing anthraquinone-/8-sulphonic acid with potassium hy- 
droxide and chlorate {Graebe and Liebermann, Caro, Perkin, B. 
3, 359; A. 160, 130). 

It crystallizes in magnificent red prisms or needles of a glassy 
lustre, melts at 289°, and can be sublimed ; it dissolves readily 
in alcohol and ether, only sparingly in hot water, but, as a 
phenol, very readily in alkalis to a violet-red solution. It 
yields insoluble coloured compounds — the so-called “lakes” 
— ^with metallic oxides, the alumina and tin lakes being of a 
magnificent red colour, iron lake violet-black, and lime lake 
blue. In the Turkey Eed manufacture, for instance, the 
materials to be dyed are previously mordanted with acetate 
of alumina or with “ ricinoleic*sulphuric acid”. 

Its constitutional formula is based on the following con- 
siderations: — (a) Its conversion into anthracene when heated 
with zinc dust (Oraebe and Liebermann, B. 1868, 1, 49; A. Sup. 
7, 297); (6) its formation by fusing dibromo-anthraquinone or 
anthraquinone-sulphonic acid with potash ; (c) its synthesis from 
phthalic anhydride and catechol. 

All these indicate that it is a dihydroxy -anthraquinoqa 
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with the two hydroxy-groups in the o-positions with respect 
to one another: 



The fact that two isomeric mono-nitro-derivatives (with the 
nitro-group in the same nucleus as the two hydroxy-groups) 
have oeen prepared is a proof of the positions 1:2 for the 
hydroxy-groups. 

M0IL\ 

Anthrarobin, dihydroxy^anthranol, I ^ ^CgH2(OH)y 

obtained from alizarin, ammonia, and zinc dust, is a yellowish- 
white powder which yields alizarin on oxidation; on account 
of its reducing properties it is used in skin diseases. 

Nitric peroxide converts alizarin into )8-nitro-alizarin or ali- 
zarin orange, C,4H^(N 62)04, a yellowish-red dye; and this with 
glycerol and sulphuric acid (the Skraup reaction, p. 576), yields 
alizarin blue, Ci7HgN04 (see Quinoline), a valuable blue dye 
which is converted by fuming sulphuric acid into alizarin green. 

For other examples of alizarine dyes see Chap. LV, I. 

According to v, Kostanecki the colouring power of these com- 
pounds is connected with the presence of two hydroxyls in the 
ortho-position to one another. 

The isomeric dihydroxy anthraquinones are known under 
the following names: — 


Quinizarine =1:4 

Anthrarufine =1:5 

Xanthopurpurine =1:3 

Chrysazine =1:8 

Hystazine = 2:3 

Anthraflavinic acid =2:6 

Iso-anthraflavinic acid =2:7 


B. Phenanthpene 

Phenanthrene {Fittig and Ostermeyer, 1872, A. 166, 361), 
which is isomeric with anthracene, accompanies this hydro- 
carbon in coal'tar. It crystallizes in colourless glistening 
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plates, dissolves in alcohol more readily than anthracene 
(yielding a blue fluorescent solution), melts at 99°, and boils 
at 34:0°. It may be separated from anthracene by partial 
oxidation and subsequent distillation, as the latter is more 
readily attacked. Oxidizing agents convert it into diphenic 
acid (p. 602). Its piorate crystallizes in yellow needles melt- 
ing at 146°. 

it may also be obtained: — 1. By leading the vapour of tolu- 
ene, stilbene, dibenzyl or (Hlitolyl through a red-hot tube, thus: 


o-ditolyl 


CeH,.CH3 
' CeH,.CH3 


CoH^.CH 

rjT^.CH 


+ 2B.^ 


2. Together with anthracene from o-bromo-benzyl bromide 
and sodium. 

3. o-Nitro-benzaldehyde with sodium phenyl-acetate and acetic 
anhydride (Perkin^s synthesis, p. 466) yields a-phenyl-o-nitro- 
cinnamic acid, N 02 *CgH 4 -CH:CPh*C 02 H, and when this is 
reduced, diazotized, and treated with copper powder, ^-phenan- 
threne-carboxylic acid is formed, 

OH.CoH^.CH ^ CcH^.CH 
H.G0H4.C.CO2H CeH^.C.COgH ^ ^ ’ 


and when carbon dioxide is eliminated this yields phenanthrene. 
(For other syntheses cf.PscA(?rr,B. 1896,29,496; 32,162,176; 33, 
496; Eabe,B. 1898,31,1896; F,MeyerandBalle,A,ldU,m, 167.) 
The formation of phenanthrene from (Mlitolyl, and its oxi- 
CeH^.COgH 

dation to diphenic acid, • , show that it is a diphenyl 

• CO 2 II 

derivative, and that it contains a carbon atom linked to each 
benzene nucleus; this carbon atom is joined to the corre- 
sponding one by a double bond, as is shown, e,g.f by its 


formation from stilbene. 


CeH,.CH 
OA-Ctf 


a reaction completely 


analogous to the preparation of diphenyl from benzene. Since 
diphenic acid is a di-ortho-diphanyl-dicarboxylic acid {Schultz, 
A. 196, 1 ; 203, 95), phenanthrene is also a di-ortho-derivative 
and possesses the following constitution: 


CaH;4-CH 

CaH^.CH 


or 
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According to the above formula, the two CH-groups form a 
new hexagon ring with the carbon atoms of the two benzene 
nuclei to which they are linked, so that phenanthrene — like 
anthracene — may be looked upon as the product of the coali- 
tion of three benzene nuclei, or of one naphthalene and one 
benzene nucleus. 


Additive and substitution products of phenanthrene are also 
known, e.g. a tetrahydride, nitro-, amino-, cyano-, and hydroxy- 
compounds, and sulphonic and carboxylic acids. Fhenanthrol, 
C^H 9 ( 0 H), is a hydroxy -phenanthrene, and phenanthrene- 
qninol^ Oi 4 H 8 (OH) 2 , a dihydroxy-compound; when oxidized 

• CO 

the latter yields phenanthraquinone, • • , which may 

CqH^ • CO 

also be prepared directly from phenanthrene and chromic acid. 


It crystallizes in odourless, orange needles, melts at 200®, 
distils unchanged, and is not volatile in steam. Phenanthra- 
quinone possesses the character of a diketone, reacting with 
hydroxylamine, sodium bisulphite, &c., but it can be reduced 
to the corresponding quinol by sulphurous acid. It gives a 
bluish-green coloration with toluene containing thio-tolene, 
glacial acetic acid, and sulphuric acid, and when the mixture 
is diluted and extracted with ether the latter becomes violet- 


coloimed; this is Laulenheimer reaction (B. 17, 1338). 


C. Complex Hydrocarbons 

Fluoranthene, CigHjo, pyrene, chrysene, CwH,,, 

retene, OigHig, and picene, O 22 H 14 , arc hydrocarbons which 
have been iscnated from that portion of coal-tar which boils 
above 360®. Phenanthrene, pyrene, and fluoranthene are also 
found in “Stupp” fat, Le, the fat obtained as a by-product 
from the working up of mercury ores in Idria. They all crys- 
tallize in white plates, sublime without decomnosition, and 
when oxidized are converted into the corresponaing ketones. 
Their constitution is expressed by the following formulae: 

CeH4. CflH4.CH* CeH4.CH CioHe-CH 

C,H,<^>CH Ci,H,.CH C,oH,.CH 

Fluoranthene Chrysene Betene or Methyl Picene. 

iso-propyl phenanthrene 

(Of. A. 240, 147 ; 284, 62 ; 361, 218; R 26, 1746; B. 36, 
4200.) 
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HETEROCYCLIC COMPOUNDS 

XXXIIL INTEODUCTION 

The third great division of carbon derivatives consists of 
the Heterocyclic Compounds. These, like the carbocyclic com- 
pounds, contain a closed chain or ring, but differ from the 
latter by the presence in the actual ring of atoms of elements 
other than carbon (cf. formulas, p. 542). The number of such 
compounds is enormous, although the number of elements 
usually associated with carbon in rings is comparatively small. 
The more common elements are oxygen and sidphur, but more 
especially nitrogen. 

A number of these compounds have been already mentioned; 
among the oxygen compounds are ethylene oxide, glycolide, 
phthsdic anhydride, and among the nitrogen compounds suc- 
cinimide, phthalimide, and lactams. 

The compounds are divided into groups according to the 
number of atoms constituting the ring, thus three-membered 
rings, e.g, ethylene oxide; four-membered rings, e.g. betaine; 
five-membered rings, e.g. thiophene; six-membered rings, e.g. 
pyridine, &c. As in the carbocyclic series, the most important 
and also the most stable are the five- and six-membered rings. 
A further division of these groups can be made according to 
the number of atoms other than carbon present. Thus in the 
five-membered ring compounds we can have the following sub- 
groups: 4C -1- IN; 30 -f 2N; 20 -f 3N; termed respectively 
the monazole, di- and tri-azole sub-groups. 

The stability of the compounds and their general chemical 
characteristics depend to a large extent on the saturated or 
unsaturated nature of the rings. Oompounds like thiophene, 
pyrrole and pyridine are stable and closely resemble ben- 
zene — they possess general aromatic properties. Like benzene 
they can be reduced, the two former can each take up two or 
four atoms of hydrogen, and pyridine two, four or six. These 
reduction products no longer have aromatic properties. It is 
interesting to note that although the five-membered hetero- 
cyclic unsaturated compounds resemble benzene, the unsatu- 
rated carbocyclic compound cyclopentadiene does not. 

Some of the common heterocyclic compounds contain con- 
densed nuclei, i.e. the two condensed rings have two carbon 
atoms in common. A well-known example of condensed 
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heterocyclic rings is met with in purine and its derivatives 
(p. 300). Examples of compounds containing a benzene 
nucleus condensed with a heterocyclic ring are met with in 
quinoline, coumarone and indole (see below). 

Compounds with condensed nuclei behave very differently 
on oxidation. Certain of them have the heterocyclic ring 
ruptured, and thus yield ortho-derivatives of the carbon ring; 
others, again, have the carbon ring ruptured, and yield ortho- 
acids of the heterocyclic ring. The compounds dealt with in 
the following sections will be ^ouped as follows: 

1. Five-membered heterocymic compounds containing 40 
+ 10, S or N atoms, or the furane group, e.g,: 

CH:CHv CH:CHx 

CH:CH/^ CH:CH/ CH:CH/ 

Furane Thiophene Pyrrole 


2. Compounds formed by the condensation of these rings 
with a benzene nucleus, e.g.i 


Coumarone, 



Indole, 


\/\/ 

NH 


3. Five-membered heterocyclic compounds containing three 
carbon atoms, e,g. pyrazole and thiazole group. 

4. Six-membered heterocyclic compounds or pyridine group. 




CH CH 
Pyridine, Hc/ \n 


5. The compounds formed by the condensation of a benzene 
and pyridine ring, e.g,i 



6. Six-membered heterocyclic compounds, with not more 
than four carbon atoms in the ring. 
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Within the last few years compounds have been isolated 
which contain elements like P, As, Sb, Bi, Si, Pb, Hg as con- 
stituents of the ring. Most of these compounds are formed 
from l:5-dibromopentane, BrCHg-CHo'CHg-CHg-CHgBr, or 
1 :4 dibromobutaiie and derivatives of the element in question. 
Thus sodium amalgam and the l:5-dibromo compound yield 

the product (B. 1914, 47 , 177, 186). 

The Orignard compound derived from 1 :5-dibromopen- 
tane reacts with SiCl 4 or SiMegClg, yielding the products 

and CH,<ggj;g|2>SiMe3 (B. 1916, 

48, 1236), or with PbEtijCla, yielding CH2<^g2;^y2>PbEt2 

(B. 1916, 49 , 2666) as a colourless liquid, b.-pt. 110713‘5 mm. 
The same Grignard reagent reacts with phenylphosphine- 

dichloride, CgHj-PCl^, yielding CH 2 <SS 2 *CH 2 ^p.C Hj 
(B. 1915, 48, 1473). 

When the Grignard compound from l:4-dibromobutane 
fs condensed with CHg • PClg, compounds of the typo 

• ^ ^\p*CH 3 are formed, and derivatives containing 

01x2 * 01x2^^ 

As, Sb, and Bi can be obtained by similar methods (B. 1916, 

49 , 437). 

These compounds are of no technical importance, but are of 
value from the theoretical point of view, and indicate the 
great variety of elements which can take part in ring formation. 


XXXIV. FURANE GROUP 

CH:CHv CH:C*Hx CH:CHv 

CH:CH/ CH:CH/ CH:CH/ 

Furane Thiophene Pyrrole. 

From these compounds a whole series of derivatives are 
obtained by the substitution of hydrogen by halogen, and 
also by the entrance of the groups -CHa, -CHgOH, -CHO, 
• COgH, &c. In their properties furane, thiophene, and pyrrole 
remind one of benzene. Thiophene, in particular, is delusively 
like the latter, e.g. in odour and boiling-point, and its various de- 
rivatives often show a marvellous similarity in their chemical and 
physical relations to the corresponding derivatives of benzene* 
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Furane, pyrrole, and thiophene also resemble one another in 
many respects. All three boil at relatively low temperatures 
(+ 32°, 131°, 84°), are either insoluble or only sparingly soluble 
in water, but readily in alcohol and ether, and show many an- 
alogous colour reactions. Thus pyrrole and thiophene and their 
derivatives give, for the most part, an intense violet to blue 
coloration wen mixed with isatin and concentrated sulphuric 
acid, and a cherry-red or violet coloration with phenanthra- 
quinone and glacial acetic or sulphuric acid. The vapour of 
pyrrole colours a pine shaving which has been moistened with 
hydrochloric acid carmine red (wvppo^, fiery-red), while furalde- 
hyde vapour colours it an emerald green; the latter likewise 
colours a piece of paper moistened with xylidine- or aniline- 
acetate red. Furane is converted by mineral acids, e,g, hydro- 
chloric acid, into an insoluble amorphous powder, and pyrrole 
into an insoluble amorphous brown-red powder, “ pyrrole-red ” 
(with evolution of ammonia), while thiophene remains unal- 
tered. Pyrrole has feebly basic properties. 

Just as benzene is formed by the pyrogenic polymerization 
of acetylene (p. 362), so several heterocyclic compounds are 
formed by the pyrogenic condensation of acetylene with HoS 
or NH 3 (iJ. Meyer and fFechse, B. 1917, 60, 422;. In the 
former case thiophene and thionaphthalene are formed; also 
thiotolene if CH^ is also present. In the latter case the 
products include pyrrole, pyridine, quinoline, in addition to 
aniline, naphthalene, fluorene, and anthracene. 

Maleic anhydride (p. 255) is regarded by Pfeiffer and Bottler 

as the quinone of furane, •• as such it yields 

Old • OO' 

coloured additive compounds with arylamines, phenols, phenolic 
ethers, and complex aromatic hydrocarbons (B. 1918, M, 1819). 

Derivatives of all three compounds may be obtained from 
mucic acid, CO«H * (OH • OH)^ • CO 2 H (p. 268). When distilled, 
mucic acid yields pyromucic acid or furane-a-carboxylic acid; 
when its ammonium salt is distilled, pyrrole is formed; and 
when free mucic acid is heated with barium sulphide, thiophene 
a-carboxylic acid is obtained, e,g , : 

OH..(OH) -aH: .(OH).-:COO H OH:OH . 

I : = CO, + SHjO -J- J \o. 

OH. (OH): -O H: (O H).; OOOH OH : O(COaH)/ 


Pyrrole derivatives are also formed by condensing ^-ketonic 
esters (p. 234) witl^ amino-ketones (A. 1916, 411, 350). 
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A very general method for the formation of derivatives of 
this group is from y-diketones, e.g. acetony 1-acetone, CHg^CO* 
CHg-CHg-CO-CHj (p. 229; also p. 238). When this com- 
pound is heated with phosphorus pentoxide or zinc chloride, 
dimethyl -furane is formed; with phosphorus pentasulphide, 
dimethyl-thiophene; with alcoholic ammonia, dimethyl-pyrrole 
(B. 18, 58, 367; 20, 1074). 

This behaviour would indicate that the acetonyl- acetone 
reacts as the tautomeric compound: 


CH 3 .qOH):CH-CH:C(OH).CH 8 , or 


CH-.CCCHaXOH) • 
CHiqCHaXOH)’ 


upon this assumption the formation of dimethyl-furane appears 
simply as that of an anhydride, that of dimethyl-pvrrole as an 
exchange of 2 (OH) for NH (imide formation), and that of di- 
methyl-thiophene as the formation of a sulphide, i.«. exchange 
of 2(OH) for S, according to the following equations ; 


H 2 S + 


NH3 + 


CH:C(CH3).0H 

CH:C(CH3).0H 

CH:qCH3).OH 

CH:C(CH8).0H 

CH:C(CH3).0H 

CH:C(CH3).0H 


CH:C(CH3)' 
CH:C(CH8; 


^NH + 2H,0. 


From the above reactions the constitutional formulas for the 
three compounds would be: 


Furane 

a 

CH:CH\ 

CH:CH/ 
W (a) 


Thiophene 

CH:C^\ 
O) («) 


Pyrrole 

a 

CH:CH 

CH 
OB) 


:CH/ 


(«) 


-NH. 

(n) 


These formulae receive corrob(5ration from the frequently ob- 
served fact that the substances are capable of yielding additive 
compounds with bromine or hydrogen (see Pyrroline). Ac- 
conling to the above formulae, two isomeric mono-substituted 
derivatives of furane and thiophene are possible: (1) one in 
which the hydrogen atom (a) which stands nearest to the 
oxygen, sulphur, or nitrogen atom, and (2) one in which a 
quasi-middle hydrogen atom ifi) is substituted. As a matter 

(B 480 ) ,Q 
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of fact, two such isomers have been observed in many cases, 
e,g, two thiophenic acids. These form mixed crystals, the 
crystals having a homogeneous appearance although they con- 
tain both acids (Fi Meyer, A. 236, 200). In the case of pyrrole, 
on the other hand, three kinds of derivatives (a-, and n-) 
are both possible and known. 

An examination of the molecular refraction of thiophene 


and also of its heat of combustion (B. 1885, 18, 1832) point to 
the presence of only one double bond in the thiophene mole- 
CH.CHv 

cule. The formula •• has been suggested, and this 

CH • 


is quite in harmony with the production of substituted maleic 
acids by the oxidation of thiophene derivatives. Probably the 
simplest explanation is that the thiophene molecule contains 
centric bonds, and should be represented as: 


4 OH • CH6 

I \ 

/"X / 

3 OH . OH 2 


S.1 


Furane oi;, forfurane is a colourless mobile liquid, boiling at 
32®, and with an odour resembling that of chloroform. It is 
present in pine-wood tar, in the first runnings from ordinary 
wood tar, &c., and is obtained by the distillation of sugar with 
lime, or hy distilling barium pyromucate. a-Methyl-furane or 
sylvane is likewise present in pine-wood tar, and in the pro- 
ducts of distillation of sugar with lime. It boils at 65°. aa- 
Dimethyl-forane is obtained from sugar and lime, and also 
from acetony 1-acetone (p. 545). It is a colourless mobile liquid 
of a characteristic odour, and boils at 94°. Concentrated acids 
convert it into a resin; it can be transfonned back into 
acetonyl-acetone. 

Enrol, a-furaldehyde or furfuraldehyde, C^HgO-CHO {Dohe- 


reiner), is obtained when pentoses, e,g,^ arabinose and xylose or 
the complex pentosans are distilled with concentrated hydro- 
cWonc acid : - 3 H*0 = 


The yield is quantitative, and the method is made use of foi 
determining the amounts of pentoses present in various sub- 
stances. 

It may also be obtained by distilling bran, wood, sugar, or 
various carbohydrates with moderately concentrated sulphuric 
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acid. It is a colourless oil of agreeable odour, turns brown 
in the air, and boils at 162^ 

It possesses all the properties of an aldehyde, and can yield 
condensation products in much the same manner as benzalde- 
hyde (p. 449): e.g. furol'n, C^HgO • CH(OH) • CO • QJLO corre- 
sponding with benzoin ; foraimalonic acid, 04636 • CH : C 
(COgH)^,, corresponding with benzalmalonic acid; and furyl- 
acrylio * and aZZo-forylacrylic acid, C4H8O • OH : OH • COgH. 
corresponding with cinnamic and a/Zo-cinnamic acids. 

Pyromucic acid, C4H80*002H. — Furane-a-carboxylic acid 
crystallizes in needles or plates similar to those of benzoic 
acid, and melts at 132®; it sublimes easily, is readily soluble 
in hot water and alcohol, and decolorizes alkaline permangan- 
ate almost instantaneously. 

P3rrrole is a constituent of coal-tar (Bunge) and of bone-oi’ 
(Anderson); it boils at 131°, and possesses, like many of its 
homologues, a chloroform odour. It is a secondary base, and 
its imino-hydrogen is replaceable by metals and alkyl, or acyl 
radicals. 

In addition to the methods of formation mentioned on p. 545, 
it mav also be obtained by heating succinimide (p. *247) with 
zinc oust, or from acetylene and ammonia at a red heat. 

When pyrrole is acted upon by hydroxylamine the ring is 

. t. .. . . - . . CHg.CHrN.OH 

broken, and the dioxime of succinic-aldehyde, • , 

CHg • CH I N • OH 

is formed; this yields tetramethylene-diamine upon reduction 
(B. 22, 1968). Dimethyl-pyrrole in a similar manner yields 
acetonyl-acetone-dioxime. 

w-Potassium-pyrrole, C^H4NK, which is obtained from pyr- 
role and potassium or solid potassic hydroxide, is a colourless 
compound which is decomposed by water. A number of 
7i-alkyl and acyl derivatives may be prepared by the aid oJ 
this potassium compound, but most of them are relatively 
unstable, and when heated are transformed into the isomeric 
a-alkyl or acyl compounds. A most interesting reaction is the 
conversion of pyrrole into pyridine (p. 563) by means of sodium 
methoxide and chloroform or methylene iodide. By the action 
of iodine and alkali, substitution takes place with the formar 
tion of tetra-iodo-pyrrole or iodole, C4l4(NH), which crystal- 
lizes in yellow plates, and is used as an antiseptic in place of 
iodoform. 

Zinc and glacial acetic acid convert pyrrole into pyrrolinei 
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34, 3954), a colourless liquid boiling at 91® and also a strong 
secondary base: when this latter is heated with hydriodic 

acid, it is further reduced to pyrrolidine, • ^ *^NH, a 

CHg • 

colourless, strongly alkaline base resembling piperiaine, and 
boiling at 86®. It is also formed by the action of sodium on 
an alcoholic solution of succinimide, and is obtained synthetic- 
ally by heating 3-chloro-butylamine with alkali, and by treating 
ethylene cyanide with sodium and alcohol, thus: 

+ ^> = Arr OTT xrw « = Aw 


CH-CH, 


CH,-CN 




it is consequently designated tetramethylene-imine (Laderiburg), 

Pyrrole forms complex condensation products with acetone 
and other ketones. These products probably contain 4-pyrrole 
nuclei attached to one another in the a-positions by means of 
CMe^ groups. 

The red colouring matter of blood yields pyrrole derivatives 
as some of its products of decomposition, e.g, ^-ethyl-aaj8-tri- 
methyl- and /3-ethyl-ay8-dimethyl-pyrrole (B. 44, 2758), and 
pyrrolidine derivatives, especially pyrrolidine-carboxylic acid 
(proline), are decomposition products of albumen. 

Thiophene {V, Meyer, B. 16, 1465, &c.) is present in coal- 
tar, being invariably found in benzene (up to 0’5 per cent.); 
the same applies to its homologues thiotolene (methyl-thio- 
phene), and thioxene (dimethyl-thiophene), which accompany 
toluene and xylene, &c. Its boiling-point (84®) is almost the 
same as that of benzene (80*4®), from which it is extracted by 
repeatedly shaking with small quantities of concentrated sul- 
phuric acid, which transforms the thiophene into a soluble 
sulphonic acid (B. 17, 2641, 2852). It is also attacked more 
readily than benzene by other reagents, such as halogens. 

Thiophene is also obtained synthetically by leading the 
vapour of ethyl sulphide through a red-hot tube (KekuU), in 
small quantity by heating crotonic acid, n-butyric acid, paral- 
dehyde, with phosphorus pentasulphide, and in fairly large 
quantities by passing acetylene over iron pyrites heated to 
300° {Stei7ilcopf, A. 1914, 408, 1), or even better from a 
mixture of acetylene and HgS over alumina at about 400° 
(Abs. 1915, i, 638). 
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Stilbene (p. 606) and sulphur yield tetraphenylthiophene, 
ihionessal, m.-pt. 183°. 

The preparation and properties of the thiophene derivatives 
are almost identical with those of the corresponding benzene 
compounds. Thus nitric acid acts on thiophene to produce 
a nitro-thiophene, analogous to nitro-benzene, which can in 
its turn be reduced to amino-thiophene; the latter is, how- 
ever, much less stable than the corresponding amino-benzene. 

The boiling-points of thiophene compounds and their corre- 
sponding benzene derivatives are almost identical. 

The homologues can be obtained by Fittig^s synthesis, the 
a-compounds from 1 :4-diketones, and the jS-derivatives from 
mono- or di-substituted succinic acids and phosphorus penta- 
sulphide. 

Thiophene-sulphonic acid, OH -SOg ‘041138, decomposes 
into thiophene and sulphuric acid when superheated with 
water, and does not yield a phenol on fusion with potash. 

Hydroxythiotolene, C4H2S(CH3)(OH), the phenol of thiotol- 
ene, is formed by heating laevulic acid with PgS^ (B. 19, 553). 

A mixture of the a- and j8-monocarboxylic acids when 
crystallized slowly from water yields mixed crystals, which 
cannot be resolved into their components. 

The sulphur atom in thiophene is somewhat inert, but 
hydrogen peroxide converts tetraphenylthiophene into the 
sulphone C 4 Ph 4 *S 02 . 

Tetrahydrothiophene can be synthesised from l:4-dibromo- 
butane and sodium sulphide. It is a colourless liquid with an 
intense odour, boils at 118° and readily yields a sulphone. 

The cyclic compounds, 

CH2<gi*>S and CH,<gg,.CH3^g^ 

which are homologues of tetrahydrothiophene can be synthe- 
sised in a similar manner, and in properties closely resemble the 
alkyl sulphides (P* ^1)* ruptured and 

unsaturated compounds formed by first forming the sulphonium 
salt, e.g, addition of methyl iodide and subsequent treatment 
with alkali, a reaction analogous to the exhaustive methylation 
of nitrogen compounds. (J. russ. 1916, 48 , 880-974.) 

Ketones derived from thiophene are also known, e,g. 2-acetyl- 
thiophene from acetylchloride and thiophene-2-mercurichlo- 
ride (A. 1914, 408 , 60). 

A compound containing two condensed thiophene nuclei 
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CMe • C • CMe {q formed by heating 71 -octane and sulphur 
CH C CH temperatures. {Friedmann^ B. 1916, 

1344.) 

Four membered rings containing two nitrogen or two 
sulphur atoms are known. 

The following system of nomenclature has been suggested 
for the nitrogen compounds: 


CH*<gg>CH, CH<gg>CO CH<g>CH 


Uretidine 


Uretidone Urete 


CH<g®>CH, CH<g^>CO 

Uretine Uretone. 


One of the simplest members is 1 : 4>diphenyliiretidone, needles 
decomposing at 224° and formed by the action of a cold con- 
centrated solution of potassium cyanate on benzaldazine (p. 449) 
in glacial acetic acid {Hale^ J. A. C. S. 1919, 41, 370). 


XXXV. COMPOUNDS FORMED BY THE CONDEN- 
SATION OF A BENZENE NUCLEUS WITH A 
FURANE, THIOPHENE, OR PYRROLE RING 



Coumarone Benzo-thiophene Indole. 


Conmarone occurs in coal-tar, and may be isolated as its 
piorate. It is usually obtained from bromocoumarin ; this 
with alcoholic potash yields coumarilic acid, which gives 
coumarone when distilled with lime: 




It is a colourless liquid distilling at 170°; yields a dibromide 
and a dihydro-derivative, thus indicating the presence of a 
double bond. A 30-40 per cent yield of coumaran, 
CH 

CgH 4 <^Q_ 2 ^CH 2 , is obtained by heating phenyl ^-bromoethyl 

ether, CgHg-O-CHg-CHgBr, from ethylene dibromide and 
sodium phenoxide, with ZnClg. (J. A. C. S. 1919, 41, 648.) 
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Benzo-thiophene, Thimiaphthene^ melts at Sr, boils at 221^, 
and has an odour resembling naphthalene. 

INDOLE GROUP 

Indole {Baeyer, 1868) is the most important compound in 
this group, as it is the parent substance of indigo. As a 
derivative of pyrrole it possesses feebly basic properties. It 
is obtained by distilling oxindole with zinc dust; by heating 
()-nitro-cinnamic acid with potash and iron filings ; by ^the 
action of sodium ethoxide upon o-amino-yS-chloronstyrene (B. 17 , 
1067): 

0«H<oh’oHC 1 + NaO-OiH, = + NaCa + OjEjOH; 

by the elimination of water and carbon dioxide from o-alde* 
hydo-phenylglycine under the influence of acetic anhydride ; 

+ HaO + CO%; 

or by the pancreatic fermentation of albumen; together with 
skatole by fusing albumen with potash; and by passing the 
vapours of various anilines, e,g, diethyl-o-toluidine, through 
red-hot tubes, &c. It occurs in the essential oil of jasmine 
flowers, crystallizes in plates, melts at 62®, volatilizes readily 
with steam, and usually has a peculiar faecal-like odour, 
although in the pure state and diluted it is stated to have a 
fragrant odour. It is feebly basic, colours a pine shaving 
which has been moistened with hydrochloric acid cherry-red, 
with nitrous acid gives a red precipitate, which consists partly 
of the so-called nitroso-indole, [CgHgN(NO)]o (a delicate re- 
action; see B. 22 , 1976), and yields acetyl-inclole when acety- 
lated. These last reactions show that indole contains an 
imino-group. When oxidized with ozone it yields indigo. 

The system of numbering the substituents in the indole 
molecule is given on p. 550. The 1-substituted derivatives 
are sometimes termed i^derivaXives, e,g, w-methyl-indole. 



Various derivatives may be obtained synthetically by the 
condensation of the aromatic primary or secondary hydrazines 
either with pyroracemic acid or with certain ketones or alde- 
hydes, and treatment of the resulting hydrazones with dilute 
hydrochloric acid or zinc chloride, when ammonia is eliminated 
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(E. Fischer y A. 236, 116; 242, 372); thus acetone-phenyl- 

hydrazone, • NH • N : yields 2-methyl-indole, 

NTT * 

• CHg, propaldehyde - phenyl - hydrazone yields 

skatole, and phenacyl bromide and aniline yield 2-phenyl- 
indole. See also B. 25, 2860. 

NTT 

Skatole, Z-methyl-indole^ is found in feces, 

and is produced, together with indole, ^.y., by the decay of 
albumen, or by fusing it with potash. It crystallizes in colour- 
less plates of a strong fecal odour and melts at 95°. Nitrous 
acid does not colour it red. It takes up two atoms of hydrogen 
to form a hydro-compound. Acids, aldehydes, &c., are ^so 
known. 


Dioxindole, or the lactam of (^amino 

mandelic acid, NH2*C^H4*0H(0H)'C02H, is obtained by the 
reduction of isatin (into which it is again easily oxidized) with 
zinc dust and hydrochloric acid, or by the oxidation of oxin- 
dole. It crystallizes in colourless prisms, melts at 180°, and 
possesses both basic and acid properties (two hydrogen atoms 
being replaceable); it also forms a nitroso- compound, an 
N-acetyl derivative, &c. 

NH 

Oxindole, ^CO, the lactam of o-amino-phenyl- 

acetic acid, is formed by the reduction of o-nitro-phenyl-acetic 
acid (p. 478); also by that of dioxindole with tin and hydro- 
chloric acid. It crystallizes in colourless needles, melts at 120°, 
is readily oxidized to dioxindole, and therefore possesses feebly 
reducing properties. Oxindole is amphoteric, dissolving both 
in alkalis and in hydrochloric acid. Baryta water at a some- 
what high temperature transforms it into barium o-amino- 
phenyl-acetate. The imino-hydrogen is exchangeable for ethyl, 
acetyl, the nitroso-group, &c. 

Isomeric with oxindole is indoxyl, CqH 4 which 


is obtained by the elimination of carbon dioxide from indoxylic 
acid, a product formed from phenyl-gly cocoll (p. 478), also by 
fusing indigo with potash, it is often present in the urine of 
the carnivora as potassium indoxyl-sulphate or urine-indican, 
C8H^N*0*(S03K). It forms yellow crystals, molting at 85°, 
is moderately soluble in water with yellow fluorescence, and 
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not volatile with steam. It is very unstable, quickly becoming 
resinous, and is readily transformed into indigo when its alka- 
line solution is exposed to the air, or when ferric chloride is 
added to its solution in hydrochloric acid. 

It yields a nitroso- compound, of the 

same character as the nitrosamines, and therefore it contains 
an imino-group; further, its relation to indoxyl-sulphuric acid 
shows that it contains an alcoholic hydroxy-group, and thus 
its constitution follows. • 

Potassium indoxyl-sulphate is prepared synthetically by 
warming indoxyl with potassium pyrosulphate ; it crystallizes 
in glistening plates and is hydrolysed when warmed with 
acids. 


Ethyl-indoxyl is obtained from indoxyl by the exchange of 
the hydroxylic hydrogen for Derivatives of the hypo- 

thetical pseudo -indoxyl, C^H 4 <^qqJ>CH 2 , are also known, 


some of them being convertible into indigo derivatives (s.y. 
diethyl-indigo). 

Indoxylio acid, 0eH4<^Q • COgH, the carboxylic 

acid of indoxyl, forms white crystals, is oxidized to indigo by 
ferric chloride, and breaks up into indoxyl and carbon dioxide 
when fused. It is obtained from its ester, ethyl indoxylate, by 
fusing with soda. The latter compound crystallizes in stout 


prisms, melts at 120^ and may be obtained, among other 
methods, by the reduction of ethyl o-nitro-phenyl-propiolate 
with ammonium sulphide. 

Isatin, OgH 4 <^^g^CO, the lactam of o-amino-benzoyl-formic 


acid (p. 489), is readily prepared by oxidizing indigo or in- 
doxyl with nitric acid {Erdmann and Laurent^ 1841 ; cf. also 
B. 17, 976). It may also be obtained by the oxidation of 
dioxindole or of oxindole (indirectly). 

The following are among •some of the most important 
methods by means of which isatin has been synthesised: — 
(a) When o-nitro-phenyl-glyoxylic acid (o-nitro- benzoyl- 
formic acid, p. 489) is reduced, the corresponding amino-acid 
Is obtained ; but this immediately loses water, yielding a lactam 
or lactim: 


C.H,< 


CO-CO-OH 

NH, 





654 XXXV. CONDENSED BENZENE, EURANE, ETC., RINGS 


(b) o-Nitro-phenylacetic acid when reduced yields the 

lactam, oxindole, CgH 4 <[^j^ 2 ^^CO, and this with nitrous acid 

gives the iso-nitroso-oxindolo, which 

on reduction is converted into amino-oxindole, and this on 
oxidation with ferric chloride yields isatin, 

(c) Sandmeyer has worked out the following synthesis: — 
Aniline and carbon disulphide readily yield th^io-carbanilide, 


imide, OgHg«N:C(ON)*NfiCLH 5 . With ammonium sulphide 
this latter yields which is con- 

verted by concentrated sulphuric acid into a-isa tin-anilide, 
CgH 4 <[]^^C*NHOgH 5 , and this may be hydrolysed by dilute 

acids to isatin and aniline (C.C. 1900, 2« 928). 

(d) (?-Nitrophenyl-propiolic acid (p. 482) may be synthesised, 
ana when this is wanned with alkalis it undergoes molecular 
rearrangement and yields isatogenio acid, which by elimi- 
nation of carbon dioxide forms isatin: 




C-COoH 




(e) Isatin and its homologues are readily formed by condens- 
ing aniline or substituted anilines with a freshly prepared 
solution of hydroxylamine sulphate and chloral hydrate (Sand- 
meyer, Helv. 1919, 2, 234). 


0Cla-CH:0 + HaN-OH CCls-CHlN.OH -f- HaO 
CeHa-NHa + COl8-CH:N.OH — CeHa-NH.CO.CHrN.OH + 3HCI 

1 

hydrolysed. 

Isatin crystallize** in reddish-yellow monoclinic prisms, which 
are only sparingly soluble in cold water, but more readily in 
hot water and in alcohol to a brownish-red solution. It dis- 
solves in potassium hydroxide solution, yielding the potassium 

derivative, CgH 4 <^jj_^C«OK, which is readily hydrolysed to 
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potassium o-amino-phenyl-glyoxylate when boiled with water. 

Isatin chloride, CgH 4 <^j^_^C-Cl, is obtained when isatin is 

heated with phosphorus pentachloride, and on reduction with 
zinc dust and acetic acid yields indigo. 

Two isomeric methyl ethers are known: 



O-methyl Isatin N-methyl isatin or pseudo-methyl isatin. 


The 0-ether is obtained by converting potassium-isatin 
into the silver compound, and then heating this with methyl 
iodide. It is a colourless solid melting at 102®, and on 
hydrolysis yields isatin or o-amino-phenyl-glyoxylic acid. 

The N-ether may be obtained by the action of sodium hypo- 
bromite on N-raethyl-indole. Its constitution follows from 
its method of formation, and also from the fact that on 
hydrolysis it yields o-methylamino-phenyl-glyoxylic acid, 
p xj /'CO'COtiH 

The constitution of isatin itself for some years was a matter 
of dispute ; from its method of formation it must be either the 
lactam or lactim of o-amino-phenyl-glyoxylic acid. The exami- 
nation of its absorption spectrum has established its lactam 
structure (Chap. XL VII, F.). 


INDIGO AND RELATED COMPOUNDS 
Indole or benzo-pyrrole 

Indoxyl or hjdroxy-indole 

Oxindole or o-amino-phenyl-acetic\^ tt 

acid lactam 

Diozindole or o- amino -mandeliclp, tt 

acid lactam 

Isatin or o-amino-phenyl-fflyoxylicl ri xr X" CO 
acid lactam 

Indigo 

Indigo, which is obtained from the indigo plant {Indigofera 
tinctoria)f and from woad {Isatis tindoria), has been known 
for thousands of years as a valuable blue dye, es^cially for 
woollen fabrics. In addition to indigo -blue (indigotin), 
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commercial indiso contains indigo^gelatine, indigo-brown, and 
indigo-red, all of which can be extracted from it hy solvents. 
The colouring matter is not present as such in the indigo plant, 
but as the gmcoside of indoxyl “ Indican ”, from which it can 
be prepared either by dilute acids or certain enzymes and sub- 
sequent oxidation with atmospheric oxygen. 

It forms a dark-blue coppery and shimmering powder or, 
after sublimation, copper-red prisms, insoluble in most solvents 
(including the alkalis and dilute acids), but dissolving to a 
blue solution in hot aniline and to a red one in paraffin, from 
either of which it may be crystallized. Its vapour is dark-red. 
The formula is confirmed by its vapour density. 

It is converted by reducing agents, such as ferrous sulphate 
and caustic soda solution or grape-sugar and soda, into the 
leuco-compound, indigo-white, Ci^i 2 ® 2 ^ 2 > ^ '^bite crystalline 
powder soluble in alcohol and ether, also in alkalis (as a 
phenol); the alkaline solution quickly becomes oxidized by 
the oxygen of the air, with the separation of a blue film of 
indigo. It yields an acetyl compound which crystallizes in 
colourless needles. 

Warm concentrated or fuming sulphuric acid dissolves 
indigo to indigo-monosulphonic and ^sulphonio acids, the 
former of which (termed phoenicin-sulphonic acid) is sparingly 
soluble in water, but the latter readily so; the sodium di- 
sulphonate is the indigo-oarmine of commerce. Nitric acid 
oxidizes indigo to isatin, while distillation with potash yields 
aniline, and heating with manganese dioxide and a solution of 
potash, anthranilic acid. 

Indigo has been prepared synthetically by numerous 
methods. The following are among the most important: — 

1. By the reduction of isatin chloride with zinc dust and 
acetic acid: 

2C^.<^?>Oa + 4H = C,H,<^>C:0<^XH|+2Ha. 

The syntheses of isatin already described (pp. 553 and 664) 
are thus syntheses of indigo. 

2. By warming o-nitro-phenyl-propiolic acid with grape-sugar 
in alkaline solution {Baeyer^ 1880): 

2NO,.CeH4C:C.OOjH -t- 4H = CjeHioNaOj + 200, -f 2H,0. 

8. Baeyer and Drewson (1882) started with toluene, and on 
nitration obtained a mixture of (h and 2 >‘Ritro-toluenes. The 
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<M;ompound was oxidizea by manganese dioxide and snlphuric 
acid to o-nitro-benzaldehyde, and this was then condensed 
with acetone, yielding ()-nitro-phenyUactyl methyl ketone, 

NO, . CeH^ . CH(OH) • CHj . C50 • CH, ; 

which when warmed with alkalis gave indigo and water. The 
yield was good, but the method was of no great practical 
importance, as the amount of toluene is limited, ana no use 
could be found for the ^-nitro-toluene obtained as a by-pro- 
duct. 

4. In 1890 Heumann obtained phenyl-glycocoll by tne 
condensation of aniline with chloracetic acid: 

CeH^.NH H + a .CHa-OOjH — CeH^-NH-CHj.OOjH, 


and when this was fused with alkali, indigo-white was obtained. 

A modified form of HeumanrCs synthesis consists in con- 
densing anthranilic acid (p. 478)* with chloracetic acid, when 
phenyl-glycocoll-o-carboxylic acid is obtained, and this on 
fusion with alkali yields indoxyl, which oxidizes in the air 
to indigo-blue. The yield is good, and this method is now 
employed on a manufacturing scale by the Badische Anilin 
Fabrik” for the production of artificial indigo, as anthranilic 
acid can be obtained cheaply; the general method being the 
oxidation of naphthalene by mercury and sulphuric acid to 
phthalic acid, the conversion of this into phthalic anhydride, 
and then into phthalimide by the aid of ammonia. The 
phthalimide with alkali and chlorine yields anthranilic acid — 
o-amino-benzoic acid {Hofmann reaction, p. 191). 

For homologues and derivatives, cf. Chap. LV, K. 

Indigo-blue is a very valuable blue dye, on account of its 
“ fastness ’’ to light, alkalis, acids, and soaps. As indigo-blue 
itself is insoluble, its “leuco” compound indigo-white is 
usually employed, the fabric being immersed in an alkaline 
solution of this, and then exposed to the air, when oxidation 
to indigo-blue takes place. Indigo-blue is usually reduced to 
indigo-white by means of calcilim hyposulphite or by glucose 
and caustic soda. The indigo-white is a colourless solid with 
phenolic properties, and probably has the constitution repre- 
sented in the formula — 

. C<^OH)^C A. 

Indirubin, Indigo-pirpurin^ is an isomeride of indigo-blue, 
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and can be obtained synthetically by the condensation of 
isatin and indoxyl in alkaline alcoholic solution: 

C.H,<5g>C:C<g>^NH. 

It is also obtained, together with indigo-blue, by the reduc- 
tion of isatin chloride. It crystallizes from aniline in chocolate- 
brown needles, and on oxidation yields isatin. 

(For history and manufacture of indigo, see J. Ind. 1901, 
239, 332, 551, 802; J. C. S. 1905, 974.) 


XXXVL PYEAZOLE GROUP, ETC. 


1. PYRAZOLE GROUP 


This comprises compounds with a five-membered ring contain- 
ing three carbon and two nitrogen, sulphur, or oxygen atoms. 
Pyrazole (I), 


4 6 

CH:CH 


CH 




IT 


CHg-CO 
CH 




is theoretically derivable from pyrrole in the same way as 
pyridine is from benzene, i.e, by the exchange of CH for N. 

The positions three and five appear to be identical unless 
the H of the NH is replaced by alkyl groups. 

It is a weak base of great stability, crystallizing in colour- 
less needles; it melts at 70°, boils at 185°, and possesses aro- 
matic properties (B. 1895, 28, 714). Its simplest synthesis is 
by the union of acetylene and diazo-methane : 


HC N= 
HC’ CHj 


>N = ^9=^>NH 
HCrCH'^ 


(Fon Peehmann, B. 1897, 31 , 2960). (For other syntheses, 
see B. 23 , 1103; A. 273 , 214.) 

Pyrazoline, O 3 H-N 2 , and pyrazolidine, C^HgNj, are reduction 
products of pyrazole. Pyrazoline derivatives can be synthe- 
sised by condensing hydrazines with a-olefinic aldehydes or 
ketones. (B. 1918, 61, 1457.) 

CH CH 

CHsstCH.CHrO + NHj-NHg — a *' *>NH. 


Characteristic of many of these pyrazoline derivatives is the 
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readiness with which they give up nitrogen when heated and 
yield corresponding derivatives of trimethylene {Khhnefi^ Abs. 
1912, i, 245; 1913, i, 1163; 1916, i, 290). 

Pyrazolone (II) is an oil boiling at 77°. 
l-Phenyl-3-methyl-p3rrazolone is obtained by the action of 
phenylhydrazine on ethyl acetoacctate (p. 238), 


CHa-CO 


CHa-COOEt NHPh 




crystallizes in compact prisms, melts at 127°, and boils without 
decomposition. As a weak base it dissolves in acids, but^is 
also soluble in alkalis; it further contains the chemically-active 
methylene group. When methylated it yields: 

l-Phenyl-2:3-dimethyl-pyrazolone or antipyrine, OijHjgNgO, 
which is also produced by the action of ethyl acetoacctate upon 
methyl-phenyl-hydrazine, and which therefore possesses the 
constitutional formula (Z. Ahorr, A. 238 , 137), 


C’Me • NMe\ 
CJH CO/ 


»NPh. 


It crysUillizes in small colourless plates melting at 1 1 3°. The 
aqueous solution is coloured red by ferric chloride and blue- 
green by nitrous acid. Antipyrine is an excellent febrifuge. 
i&-Ketonic acids, yS-ketonic aldehydes, /?-diketones also yield 
pyrazole derivatives with phenyl-hydrazine. 

Isomeric with pyrazole is glyoxaline (p. 560), in which the 
two atoms of N are separated by a C atom. 

% THIAZOLE GROUP 

Thiazole, 

CH-N 
CH.S 

is derived from thiophene in the same way as pyridine is from 
benzene, by the exchange of CH for N, and closely resembles 
— along with its derivatives — the bases of the pyridine series 
in properties. It is obtained from amino-thiazole (see below) 
by the exchange of the amino-group for hydrogen, in a similar 
manner to the conversion of aniline into benzene. It is a 
colourless liquid, boiling at 117°, hardly distinguishable from 
pyridine; as a base it forms salts, but it is scaicely affected by' 
concentrated sulphuric acid, &c. (Hantzsch^ Popj), A. 250, 273). 
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Amino-thiazole, 


CH-N^ 

CH.S 


NH^ 


is formed by the action of mono-chloraldehyde upon thio-urea 
(pseudo form), thus: 


CHgd 

CHO 



CH.S/ 


•NHj + HCl + HaO. 


The constitution of the thiazoles follows from this and similar 
modes of formation. Amino-thiazole is a base of perfect 
“ aromatic ” character, like that of aniline. (Cf. Hantzsch and 
his pupils, A. 249, 1, 7, 31; 260, 257; 266, 108.) 

further types of five-membered rings, may be cited : 

ch.nh/ ch-o 

Imidazole or glyozalio Oxazole, 

which are related to thiazole as pyrrole and furane are tc 
thiophene. 

Tnazole, ^ ^NH, and tetrazole, ^ p>NH, 



are examples uf five-membered rings extremely rich in nitro- 
gen. (Cf. B. 28, 225, 1411; 28, 2392.) 

The foregoing constitutional formula? with their double 
linkings correspond with KekuWs benzene formula. But for- 
mulae with centric linkings analogous to the centric benzene 
formula (p. 356) have been introduced. (Cf. Bamberger, B. 24, 
1758; A. 273, 373; also A. 249, 1 ; 262, 265; B. 21, Eef. 888; 
24, 3485; 27, 3077; 28, 1501.) 


XXXm SIX-MEMBERED. HETEROCYCLIC RINGS 

Ring compounds closely related to pyrrole, thiophene, and 
furane, but containing six atoms in the ring (viz. five carbon 
atoms -t- one oxygen, sulphur, or nitrogen atom), are known. 
The representatives of these are: 3 - valerolactone, 

anhydride, CH,<g^;gg>0 
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(p. 248), and more especially the p3rrone8, y-pyrone, 

Of the nitrogen compounds, pyridine, 

and piperidine, are of great importance. 

The derivatives of the sulphur compound, penthiophene, 
CH'CH 

CH2<^0 jj!qjj^>S, are of but little importance. 

Six-membered rings containing two nitrogen atoms are 
the diazines, C4H4N2, the ortho compound i^spyridazine^ the 
meta pyrimidine^ and the para pyi'ozine. The compound, 

prr pu 

NH<cg: qjj 2^0, is morpholin, Six-membered rings con- 
taining three and four nitrogen atoms are termed respectively 
triazines and tetrazines. (Of. triazole and tetrazole, p. 560.) 

A. Pypones 

y-Pyrone, a solid, m.-pt. 32*5° and b.-pt. 316®, is ob- 
tained when its dicarboxylic acid, chelidonic acid (p. 563), is 

heated, oo-dimethyl-y-pyrone, CO<^|[ ; 

thesised from cupric ethyl aceto-acetate and carbonyl chloride. 

+ ^"VCH(COJEt). CO-OH, 

PiiPi 4. nr\^CH(COgEt)-CO-OH, 

On hydrolysis with sulphuric acid the ester yields the free 
acid, which loses carbon dioxide, yielding: 

which immediately loses water, yielding dimethyl-y-pyrone ; 



(For a modified formula, see Collie, J. C. S. 1904, 971.) 
Collie and Tickle (J. C. S. 1899, 710) have shown that this com- 
pound can form definite salts with acids, e,g. the hydrochloride, 
C^H802, HCl, and oxalate. The addition of the acid un- 
doubt^ly occurs at the oxygen atom, since the salts are 
relatively unstable and are completely hydrolysed in dilute 
aqueous solution. The oxygen atom in these salts, therefore, 



562 XXXVIL SIX'MEMBERSD HETEROCYCLIC RINGS 


• C H 

probably functionates as a tetravalent atom, 

the salts are termed oxonium salts on account of their simi- 
larity to ammonium salts. Numerous other compounds have 
since been obtained, which tend to show that the oxygen 
atom can frequently functionate in this manner, e.g, numerous 
oxygen compounds, esters, ethers, ketones, acids, aldehydes 
yield definite crystalline compounds with anhydrous metallic 
salts, e,g, MgBrg or AICI 3 {Walker^ J. C. S. 1904, 1106); similar 
oxygen compounds also form well-defined crystalline salts with 
conlplex acids, e,g, ferrocyanic acid {Baeyer and niliger, B. 
1901, 34 , 2679, 3612; 1902, 36 , 1201); and even mineral acids 
(for summary of work, see Knox and Richards^ J. C. S. 1919, 
116 , 608). Since the salt is derived from a very feeble base 
(solutions of dimethyl-pyrone are very feeble conductors) and 
a relatively strong acid, the solution should be highly hydro- 
lysed, and should give a strongly acid reaction. That the 
hydrolysis is not complete in the case of a moderately con- 
centrated solution of the picrate has been shown by Walden 
(B. 1901, 34 , 4191), who compared the partition coefficient of 
picric acid between water and benzene both with and without 
the addition of dimethyl-pyrone, and found that the ratio 
con c ent ration of benzene solution 
concentration of aqueous solution 
present. 

Other methods which have also led to the conclusion that 
a certain amount of salt exists in solution are (a) depression of 
the freezing-point of aqueous solutions. If no compound exists 
in an aqueous hydrochloric acid solution, then the depression 
caused would be the sum of the depressions produced by the 
known amounts of dimethyl-pyrone and hydrochloric acid 
present. The actual value obtained is less than this sum 
UValden), (b) A determination of the electrical conductivity. 
If no compound is formed, the conductivity should be the same 
as the conductivity of a solution of pure hydrochloric acid of 
the same concentration ; but if any appreciable amount of a salt 
is formed in solution this will give rise to a certain number of 

+ 

CyHgOgH and Cl, ie. the number of hydrions will be less 
than in a solution of pure hydrochloric acid of the same 
concentration, and hence the electrical conductivity will be 
considerably reduced. It has actually been found that the 
conductivity is less, and that it tends to decrease as the solu- 
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tion becomes more concentrated. (Cf. also Rordam^ J. A. C. S. 
1915, 37 , 557.) 

7-P3rrone-dicarboxylic acid, or chelidonic acid, occurs in the 
greater celandine {Chelidonium majvs\ and may be synthesised 
by Claisen^s method (p. 232). Acetone and ethyl oxalate readily 
condense, yielding the ester of acetone-dioxalic acid or xantho- 
chelidonic acid: 


_L C02Et»CX)2Et CYC02Et)0H , « ■e'i-o'H' 

^^<>CH3 + C02Et.C02Et - ^\CH:C(C02Et)0H + 2®*'^^> 

which immediately loses water, yielding ethyl chelidonate, and 
this on careful hydrolysis yields chelidonic acid: * 



The salts of this acid are colourless, but when warmed with 
an excess of alkali yellow salts of xantho-chelidonic acid are 
formed owing to the rupture of the ring. 

Pyrones with hydrogen in the presence of palladium and 
gum-arabic yield tetrahydro-derivatives, which boil at lower 
temperatures than the original substances. Pyrones in colloidal 
solution or as gels adsorb iodine, giving blue products, more 
especially S-phenyl-y-benzopyrone {Barger and Starling, J. C. S. 
1915, 107 , 411; A, E, Watson, 1916, 109 , 303). 


B. Pyridine 

Pyridine, C5H5N, resembles benzene in many points : 

1. It is even more stable than benzene, and does not yield 
substituted derivatives so readily with such reagents as sul- 
phuric and nitric acids or the halogens. Sulphonic acids are 
obtained at very high temperatures only; nitro- and iodo- 
pyridines are as yet unknown; and only a few chloro- and 
bromo-pyridines have been prepared. Pyridine and its car- 
boxylic acids are not affected by oxidizing agents. 

2. Its derivatives resemble those of benzene. Thus its homo- 
logues (and also quinoline, &c.) are transformed into pyridine- 
carboxylic acids when oxidized, and these acids yield pyridine 
when distilled with lime, just as benzoic acid yields benzene. 

3. The isomeric relations are also precisely analogous to those 
of the benzene derivatives. Thus the number of the isomeric 
mono-derivatives of pyridine is the same as that of the isomeric 
bi-derivatives of benzene, viz., three ; and the number of the 
bi-derivatives of pyridine, containing the same substituents, the 
same as that of the benzene derivatives CgHjXXX', viz., six. 
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4. Just as two benzene nuclei can form naphthalene, so can 
a benzene and a pyridine form the compound quinoline: 



5. The products of reduction are likewise analogous. Pyri- 
dine like benzene yields a hexahydro-derivative, CgHuN, only 
somewhat more readily ; this is known as piperidine. Quino- 
line yields a tetrahydro^erivative, OgHuN, more readily than 
naphthalene, and acridine readily yields a dihydro-derivative, 
CigHjiN, which is analogous to anthracene dihydride. In these 
latter compounds further combination with hydrogen may take 
place, but there is likewise a tendency to the reproduction of 
the original bases. 

We are therefore forced to the conclusion that pyridine has 
a ring constitution similar to that of benzene, and is to be 
represented as: 

»CH CH 

» «' ” HCK^^CH 

N N 

In contradistinction to the neutral benzene hydrocarbons, 
pyridine and its homologues are strong bases, most of them 
having a pungent odour ; pyridine is r^ily soluble in water, 
but quinoline only slightly so. They distil or sublime with- 
out decomposition, and form salts; those with hydrochloric 
and sulphuric acids are for the most part readily soluble, 
while those with chromic acid or hydro -ferrocyanic acid, 
though often characteristic, are usually only sparingly soluble ; 
they also form double salts with the chlorides of platinum, 
gold, and mercury, most of which are sparingly soluble, e,g. 
(C^,N),H^tCV 

The bases are tertiary, and hence cannot be acetylated; 
they combine, however, with alkyl iodides, yielding quater- 
nary ammonium salts, e.g, pyridine and methyl iodide yield 
CAn,CH 3I, methyl-pyridonium iodide. 

Pyridine and some of its homologues are present in coal-tai, 
and are therefore constituents of the lower boiling fractions. 
They may be extracted from these by shaking with dilute 



SYNTHESES OF PYRIDINE 


565 


sulphuric acid, in which they dissolve. It is also present in 
tobacco smoke. A number of pyridine bases are present in 
bone-oil or Dippers oil, a product obtained by the dry distil- 
lation of bones from which the fat has not been extracted. 

Mixtures of pyridine bases can readily be obtained from 
this source. Certain alkaloids (p.590) yield pyridine or its 
derivatives when distilled alone or with alkalis, e,g, chincho- 
nine when distilled with potash yields a dimethjrl-pyridine 
or lutidine. Pure pyridine may be obtained by distilling its 
carboxylic acid with lime. 

Among the more interesting methods by means of which 
pyridine and its derivatives have been synthesised are the 
following: — 

1. When pentamethylene-diamine hydrochloride is stron^lv 
heated it yields piperidine, and when this is oxidized with 
concentrate sulphuric acid at 300^ pyridine is formed {Ladm- 
burg): 


^ /CHa.CHj.NH fl.HCl 
NH, 





A method very similar to this, which can be employed at 
much lower temperatures, is the elimination of hydrogen 
chloride from 6-chloroamylamine, CH 2 Cl*fCH 2 ) 8 *CH 2 *NH 2 . 
This elimination occurs when an aqueous solution of the base 
is heated on the water-bath; ring formation takes place, and 
piperidine hydrochloride is formed (Oabriel), These two 
methods are of great importance in deciding the constitution 
of piperidine, and therefore indirectly that of pyridine. 

2. The ammonia derivatives of various unsaturated aldehydes 
yield pyridine homologues when distilled (p. 136), e,g, /8-methyl- 
pyridine is obtained from acrolein ammonia, and collidine from 
croton-aldehyde ammonia (Baeyer, A. 166, 283, 297). 

3. When ethyl acetoacetate is warmed with aldehyde-am- 
monia, the ester of “ Dihydro-collidine-dicarboxylic acid”, ic. 
ethyl trimethyl- dihydro -pyricfine-dicarboxylate is produced 
(Hantzsch) (cf. p. 238): 


OOjEt.CH, 0:CHMe GHj-COjEt 

V + TO^TT + i 


MeCO 


NH, 


OOMe 
3H2O + 


OOjEt.C— CHMe— C-OOjEt 
^e-NH-MeC 
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This loses its two “ hydro "-hydrogen atoms when acted 
on by nitrous acid, and yields ethyl collidine-dicarboxylate, 
C 5 N(!GHj) 3 (C 02 Et) 2 , from which collidine may be obtained by 
hydrolysis and elimination of carbon dioxide. 

If, instead of aldehyde-ammonia, the ammonia compounds 
of other aldehydes are used, homologous bases of the type 
C 3 H 2 N(CH 3 ) 2 (C,H^^,) are formed. 

In the above reaction a molecule of the acetoacetic ester may 
be replaced by one of an aldehyde, when the mono-carboxylic 
esters of dialky lated pyridines are formed, thus : 

+ 2CH8.CHO + NHg = C5HaNH2(CH3)2-C02Et + 3 H 2 O. 

This is a very important synthetical method IHantzsch, 
A. 215 , 1, &c.). 

Two methods of obtaining pyridine derivatives, which indi- 
cate the relationship of pyridine to quinoline and pyrrole, are : 

(a) The conversion of quinoline into quinolinic acid or pyri- 
dine ajS-dicarboxylic acid (p.578). 

(i) The conversion of potassium-pyrrole into chloro-pyridine 
when heated with chloroform, or into pyridine when heated 
with methylene-chloride : 

CH;CH\_ CH:CH.N CHrCH-N 

• >NK — »- • •• or • •• • 

CH;CH/ CHiCH.CCl CHrCH-CH 

The ring constitutional formula (p. 664) is in perfect har- 
mony with the characteristic properties of pyridine and its 
derivatives, with the number of isomeric derivatives in each 
case, and also with the synthetical methods of formation. 

4. Complex pyridine derivatives are formed by condensing 
ketones or aldehydes with ethyl cyanoacetate in the presence 
of ammonia or an amine, e.g, benzaldehyde gives 

(G. 1918, 48 , ii, 83.) 

6. Ethyl 2:6-dimethylpyridine-3:4-dicarboxylate is readily 
synthesised by condensing ethyl acetopyruvate, CHg-CO-CHo- 
CO-COgEt, with ethyl /3-aminocrotonato (p. 235) at 0° (B. 1917, 
60 , 1568; 1918, 61 , 150), and from this ester the correspond- 
ing dibasic acid, and on oxidation the 2:3:4:6-totracarboxylic 
acid are formed, and by elimination of carbon dioxide, 2:6-di- 
methylpyridine. 
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In order to determine the position of any given group, it is 
sought to exchange it for carboxyl ; should picolinic acid result, 
the group occupies the a-position, and should nicotinic or iso- 
nicotinic, then it fills the )8- or y-position respectively, since 
in these acids the a-, /8-, and y-positions of the carboxyl have 
been determined by special means. (See M. 1, 800; 4, 436, 
453, 595; B. 17, 1618; 18, 2967; 19, 2432.) 

Di-derivatives of pyridine containing the same substituent 
twice can exist theoretically in six isomeric forms. As a 
matter of fact the six dicarboxylic acids are known (aa a^-, 
ay-, ajff-, )8y-, and (see p. 570). 

The isomerism of picoline, C^HyN, with aniline, C^Hg-NHg, 
which repeats itself in their homologues, is also worthy of 
notice. 

Pyridine, C5H5N {Anderson^ 1851), may be prepared from 
bone-oil, and can be obtained pure by heating its carboxylic 
acid with lime; the ferrocyanide is especially applicable for 
its purification, on account of its sparing solubility in cold 
water. It is also found in the ammonia of commerce. 
Pyridine is a liquid of very characteristic odour, miscible 
with water, and boiling at 116®. It is used as a I'emcdy for 
asthma, and also in Germany for mixing with spirit of wine 
in order to render the latter duty-free. When sodium is 
added to its hot alcoholic solution, or when solutions of its 
salts are electrolysed, hydrogen is taken up and piperidine, 
CjH.jN, formed {LadeTiburg and Both, B. 17, 513). 

When heated strongly with hydriodic acid, pyridine is 
converted into normal pentane. 

The ammonium iodides, e,g, C5H5N, CH3I, give a character- 
istic pungent odour when heated with potash, a fact wliich 
may be made use of as a test for pyridine bases; it depends 
upon the formation of alkylated dihydro-pyridines, e,g, di- 
hydro-methyl-pyridine, C3 H(j-N(CH 8) {Hofmann, B. 14, 1497). 

Pyridine is polymerized by the action of metallic sodium 
to dipyridine, (an oil, b.-pt. 286®-290®), with the 

simultaneous production of j?-dipyridyl, CgH^N-CgH.N (long 
needles, m.-pt. 114®), a compound corresponding to diphenyl 
(p. 499); both of these yield iso-nicotinic acid when oxidized. 
An isomeric m-dipyridyl has also been prepared, which gives 
nicotinic acid when oxidized. 

Pyridine can be brominated but not nitrated; it can also bo 
sulphonated with the formation of )8-pyridine-sulphonic acid, 
C5H4N*(S03H), which with potassium cyanide yields j8-cyano- 
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pjrridine, C 5 H 4 N-CN, or by fusion with potash, j9-hydroxy- 
pyridine. 

2- Amino- and 2:6-diamino-derivatives are formed by the 
action of sodamide on pyridine and subsequent treatment 
with water. They can be diazotized in the same way as 
aniline, and give rise to azo-dyes (Abs. 1916, i, 590). 

The three hydroxy-pyridines, C 5 H 4 N(OH) (a-, /?-, y-), are 
best prepared by the elimination of carbon dioxide from the 
respective hydroxy-pyridine-carboxylic acids. The melting- 
points are respectively : a, 107°; /J, 124°; y, 148°. They pos- 
sess the character of phenols, and are coloured red or yellow by 
ferric chloride. As in the case of phloroglucinol, so here also 
there is a tertiary as well as a secondary form to be taken 
into account, the former reminding one of the lactams and the 
latter of the lactims; for instance, y- hydroxy -pyridine may 

either have the “ phenol ” formula or the 

“pyndone” formula C 2 H 2 <^^^^C 2 H 2 , the latter of the two 

representing a keto-dihydro-pyridine. The two methyl ethers, 
methoxy-pyridine and methyl-pyridone, corresponding with 
the phenol and pyridone formulae, are both known, and diflfer 
considerably in properties (M. 6, 307, 320; B. 24 , 3144). 

Homologues of Pyridine (cf. iMdenburg, A. 247 , 1). — 
Kethyl-pyridines or picoUnes, C=H 4 N(CH 3 ). All the three 
picolines are contained in bone-oil, and probably also in coal- 
tar. The ^-compound is obtained from acrolein -ammonia 
(p. 136), and also when strychnine is heated with lime, or 
when trimethylene-diamine hydrochloride is distilled. They 
are liquids of unpleasant, piercing odour resembling that of 
pyridine, and they yield a-, j8-, or y-pyridine-carboxylic acid 
when oxidized. The boiling-points are: a, 129°; 142°; 

y, 142°-144°. Efhyl-pyridines, C 5 H 4 N(C 2 H 5 ), are also known. 

Propyl- and isopropyl-pyridines, 05 H 4 N(C 3 Hy), have been 
carefully investigated on account of their relation to coniine. 
They are prepared by heating pyridine with the alkyl iodides. 
Conyrine, CgjB[„N (liquid, b.-pt. 166°-168°), which is formed 
when coniine, C/gHj^N, is heated with zinc dust, and which 
yields coniine again when treated with hydriodic acid, is 
a-normal-propyl-pyridine. a-AUyl-pyridine, C 5 H 4 N(C 3 H 5 ), is 
formed when a-picoline is heated with aldehyde : 

CsH4N.CH3-f OHC-CHg = C6H4N.CH:CH.CH3 -f HjO. 
Beduction transforms it into inactive coniine (b.-pt. 189°-190°). 
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Dimethyl-pyridines or Lutidines, C 5 H 3 N(CH 8 ) 2 .— The pre- 
sence of three lutidines has been proved in bone-oil and coal- 
tar (B. 21, 1006; 29, 2996). ay-Lutidine boils at 157°, the 
aa'-compound at 142°, and the ^y-compound at 164°. 

The trimethyl-pyridines or collidmes, C 5 H 2 N(CH 3 ) 3 , are 
isomeric with the propyl-pyridines. Some of them are pre- 
sent in bone-oil, and can be prepared from cinchonine by dis- 
tilling the latter with caustic potash (p. 593). The 5- or aay- 
collidine, obtained from the condensation product of ethyl 
acetoacetate and aldehyde ammonia (p. 238), or from 
acetamide and acetone at 250°, boils at 171°-172°. Aceio- 
phenone and benzamide yield the s-triphenylpyridine {Pictet 
and Stehelin, C. E. 1916, 162, 876). 

Pyridine-carboxylic Acids {Weber, A. 1887, 241, 1). — The 
pyridine-mono-carboxylic acids, CcH.N^COjjH), are formed 
by the oxidation of all mono-alkyl derivatives of pyridine, 
ix. from methyl-, propyl-, phenyl-, &c., pyridines; also from 
the pyridine-dicarboxylic acids by the decomposition of one of 
the carboxyl groups, just as benzoic may be got from phthalic 
acid. The carboxyl which is in closest proximity to the nitro- 
gen is the first to be eliminated. Nicotinic acid is also pro- 
duced by the oxidation of nicotine. The acids unite in them- 
selves the characters of the basic pyridine and of an acid, and 
are therefore comparable with glycocoll. They yield salts with 
HCl, &c., and double salts with HgClg, PtCl^, &c.; on the other 
hand, they form metallic salts as acids, those with copper being 
frequently made use of for the separation of the acids. 

(For constitution, see Skraup and Cobenzl, M. 1883, 4, 436.) 

The a-acid is picolinic acid, and forms needles melting at 
135°. The jS-acid is nicotinic acid, and melts at 231°. The 
y-acid is iso-nicotinic acid, and melts at 309° in a sealed tube. 
All three acids (and also the ^y-dicarboxylic acid) readily yield 
up their nitrogen as ammonia when acted upon by sodium 
amalgam, being thereby transformed into unsaturated acids 
of the fatty senes {Weidel, M. 1890, 11, 501). 

The constitution of nicotinit acid follows from its relation- 
ship to quinoline. Quinoline on oxidation yields pyridine 
a/3-dicarboxylic acid, the constitution of which follows from 
the constitution of quinoline. When heated, the dibasic acid 
loses carbon dioxide, yielding a monobasic acid which is not 
identical with picolinic acid (which can be shown to be the 
a^acid), and therefore it must be pyridine ^-carboxylic acid» 
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Pyridxne-dicarboxylic cbcids, C5H8N(C02H)* 


a-p- = Qtdnolinio acid M.-pt. 190^ 

a-7- = Lutidlnic acid M.-pt. 235^ 

a-a'- = Dipicolinic acid, M.-pt. 226®. 

a-/3'- = lao-cinchomeT(mic add M.-pt. 236*. 

p-pf- = Dinicoiinic acid M.-pt. 328®. 

p.y. = Ginchomeranic acid M.-pt. 266®. 


Quinolinic acid, which crystallizes in short glistening prisms, 
is the analogue of phthalic acid, and is obtained by the oxi- 
dation of quinoline, just as phthalic acid from naphthalene; 
cinchomeronic and iso-cinchomeronic acids are obtained by the 
oxidation of cinchonine and quinine. 

Hydro-pyridines. — According to theoiy, hexa-, tetra-, and 
dihydro-pyridines may exist. The first of these receive the 
generic name of “piperidines ”, e.g, pipecoline, (iH|QN(0H8), 
mpetidine, C5HgN(CH8)2, and copellidine, C5H8N(CH8;3; while 
the tetrahydro-compounds are termed “ piperiaeins ”. 

Piperidine, CjH^N {Wertheimy Bochle^^ 1860), is a colour- 
less liquid of peculiar odour, slightly resembling that of pepper, 
and of stron^y basic properties yielding crystalline salts. It 
dissolves readily in water and alcohol, and boils at 106°. 

It occurs in pepper in combination with piperic acid, 
C12H1QO4 (p. 491), in the form of the alkaloid piperine, 
Cj^H^NOg CgHjQN'CjoHgOg, i.e. piperyl-piporidine, which 
crystallizes in prisms, melting at 129°; from this latter it may 
be prepared by boiling with alkali. 

(For its formation from pyridine and from pentamethylene- 
diamine, see pp. 203, 666, 667.) 

Piperidine is a secondary amine; its imino-hydrogen is 
replaceable by alkyl and acyl radicals. When its vapour, 
mixed with that of alcohol, is led over zinc dust, homologous 
(ethylated) piperidines are formed. 

When methylated, piperidine yields, as a secondary base, in 
the first instance, tertiary w-methyl-piperidine, CcHigN(CH8), 
and then with a further quantity of methyl iodide an ammo- 
nium iodide, dimethylpiperidonium iodide. The correspond- 
ing hydroxide does not decompose in the usual manner when 
distilled, but yields water and an aliphatic base, “dimethyl- 
piperidine”, C7HigN or CH2:CH*CH2*CH2*CH2*NMe2. 

The latter forms a quaternary iodide, the hydroxide of 
which, when distilled, gives trimethylainine and piperylene, 
CHMerCH'CHiCHg. This process of converting bases into 
their quaternary ammonium se-lts and the distillation of these 
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with alkalis is usually termed exhaustive methylation, and is 
largely used for preparing unsaturated compounds (cf. also 
chapter on Alkaloids). 

The method of exhaustive methylation has also been used 
for ascertaining the relative stabilities of certain ring systems 
{v, Braun, B. 1916, 49 , 2629). The method is based on the 
use of a compound containing two different ring systems, e.g. 
pyrrolidylpiperidonium bromide, 



and determining which ring is ruptured under the influence 
of alkalis. When examined in this way piperidyl-tetrahy- 
dro-isoquinoloiiiuiii hydroxide — from tetrahydro-isoquinoline, 
1 :5-dibromopentane and alkali — yields 1-o-vinylbenzyl-piperi- 
dine, CH 2 :CH-CpH 4 -CHo'C 5 H,pN, indicating that under 
these conditions the tetrahydro-isoquinoline ring is ruptured 
more readily than the piperidine ring. As the result of 
numerous experiments the following has been shown to be 
the order of increasing stability of N rings; tetrahydro-iso- 
quinoline, dihydro-isoindolo, pyrrolidine, piperidine, dihydro- 
indole, tetrahydroquinoline. 

Cyanogen bromide (p. 281) can also be used for producing 
fission of N rings, and in this case also the order of stability is 
practically the same, with the exception of the dihydroindole 

ring CqH 4 <^^^^^CH 2 , which, although stable when treated 

by the process of exhaustive methylation, is readily ruptured 
by cyanogen bromide {ihid,, 1918, 61 , 96, 256). 


XXXVIIL QUINOLINE AND ACRIDINE GROUPS 
A. Quinoline Group 

The quinoline group comprises the compounds formed by 
the condensation of a benzene nucleus with a heterocyclic six- 
membered ring. The best-known examples are: 

O 


Chromone (benzene + pyrone rings). 
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N 


/N/Nn 


\/\/ 

Quinoline 

(benzene + pyridine). 


\/\/ 

Iso-quinoline 
(benzene + pyridine). 


1. OHROMONE GROUP 

Chromone. — Chromone itself melts at 59° {Ruhemann and 
Stapleton, J. C. S. 1900, 1185), and the phenyl deriva- 

/O-C.CeHg 

tive, flavone, benz-2-phenyl>7-pyrone, •• > 

^ is the parent substance of a number 

2 ^— yellow dyes which occur in the 


UIVO, UOiVVUO, OH 

o is the parent substance of a number 

yellow dyes which occur in the 
II \? — vegetable kingdom. The saturated 
analogue is termed flavanone, and the 
^ 3-hydroxy-flavone is termed flavanoL 

/O CHg 

The parent substance chromane, CqHX ^ „ , can be 

^Orlo • OJdo 

prepared (a) by condensing trimethylene chlorhydrin with 
sodium phenoxide to form phenyl a-hydroxypropyl ether, 
CgHg^O-CHg-CHg-CHg-OH, and heating this with zinc 
chloride, or (6) by heating y-bromopropyl phenyl ether (from 
trimethylene dibromide and sodium phenoxide) with zina 
Yield, 65 per cent. An attempt to prepare chromene, 
yO CH 

CgHX from o-allylphenol by convertion into the 

\(Jrl2 • on 

acetate, then into the dibromide, and the action of alcoholic 
potash on this, gave the isomeric methylene - coumaran, 

C6H4 <^q^^C:CH 2 (p. 550). {Adams and Bindfuss, J. A. 

C. S. 1919, 41, 648). Most of the dyes are hydroxy lie 
derivatives of flavone, and occur in nature in the form of 
glucosides. As examples we have Chrysin (dihydroxy- 
flavone), Luteolic (5:7:3';4'-tetrahydroxy-flavone, Kostaneck, 
Abstr. 1901, 1, 92, 335), Ouercitin "(3:5:7:3':4'-pentahy- 
droxy-flavone, Herzig, M. 1885, 6, 872), Myricetin (3:5:7: 
3' :4':5'-hexahydroxy-flavone), Rhamnetin (3:5:3' :4'-tetrahy- 
droxy-7-methoxy-flavone), and Bhamnazin (3:5:4'-trihydroxy- 
7;3'-dimethoxy-flavone, Perkin and Allison, J. C. S. 1902, 469). 
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The constitution of these compounds is often arrived at 
by an examination of the products formed by the action of 
alcoholic potash on the compound, or, more readily, by aspi- 
rating air through the dilute alkaline solution; under these 
conditions rhamnetin yields protocatechuic acid, 3;4-dihydroxy- 
benzoic acid (p. 485), and phloroglucinol monomethyl ether. 

Flavone can be synthesised from phenol and the sodium 
derivative of ethyl benzoylacetate in the presence of phosphoric 
anhydride {Simonis and Lehmmn^ B. 1914, 47, 692). 


/OH OH.CPh 
“^OEtCO.CH 




When benzoylacetonitrile (enolic form) is condensed with 
phenol the product is the imine corresponding with flavone, 
and when warmed with 20 per cent sulphuric acid the C:NH 
group is replaced by CO and flavone is formed (Glmh, J. C. S. 
1916,109,105). 

It can also be synthesised from /^-phenoxy cinnamic acid, 
CgHjO'CPhtCH-CO'OH, benzene and AICI3 {Ruhemann, B. 
1913, 46, 2188; cf. J. A. C. S. 1919, 41, 83), and homologues 
can be obtained in a similar manner. 

The reaction between esters of substituted acetoacetic acids 
and phenols has been the subject of much study. With the 
unsubstituted or methyl substituted ester the products are 
coumarin derivatives (p. 490). The ketonic esters react in 
their enolic forms, and the OH group of the ester reacts with 
the H atom ortho to the OH of the phenol, and a molecule of 
alcohol is also eliminated. 

EtO.CO.CH ^ „ yO CO 

^ CHg.qOH) ® Nc(CH3):CH 

With ethyl, phenyl, benzyl, and more complex derivatives 
of acetoacetic ester, the condensation proceeds in a different 
manner, the reactive hydrogen of the enol is eliminated with 
the OH group of the phenol as water, and the ring formation 
is completed by the elimination of EtOH and a substituted 
chromone is formed — 

OH.C.CH3 _ 

^ OEt.CO-C.CjHs ® ‘XcO-C.C’iHj 

{Jacobsm, and Ghosh, J. C. S. 1915, 107, 424, 969, 1061). 
Acetylphenyl-acetonitrile (enolic form), OH-CMe:CPh*CN, 
and the compounds in which Me is replaced by H or Ph, 


C«H, 




OH 


c«Hy 


/OH 

H 
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condense more readily than the corresponding esters, and the 
products are y-benzopyrones or chromones with a phenyl 
radical in position 3 (Ghosh), 

A method of synthesising chromone derivatives, due to 
Kostanecki and Tambor, is from the condensation products of 
benzaldehyde, or its alkyloxy derivatives, and hydroxy- 
acetophenones in the presence of alcoholic potash. These 

P roducts, which are termed chalkones, are hydroxyphenyl 
ydroxystyryl ketones and their acetyl derivatives form 
dibromides which react with alkalis yielding flavone deriva- 
tives. Thus OEt*CgH 3 (OH)*CO*CH:CHPh, obtained from 
resacetophenone monoethyl ether, benzaldehyde, and alcoholic 
sodium hydroxide, yields an acetyl derivative, the dibromide 
of which reacts with potassium hydroxide solution yielding 
7-ethoxyflavone. 

w-Hydroxybenzaldehyde and resacetophenone (2 :4-dihy- 
droxyacetophenone) yield 2 :4-dihydroxy phenyl 3-hydroxy- 
styryl ketone, the triacetyl derivative of which forms a di- 
bromide from which 7 :3'-dihydroxyfiavone is readily formed 
(Tambor, B. 1916, 49, 1704; Helv. 1919, 2, 101). 

The following synthesis of quercitin is of interest (B. 1904, 
37, 1402): — 2-nydroxy-4:6-dimethoxyacetophenone and 3:4- 
dimethoxybenzaldehyde yield 2'-hydroxy-4':6': 3 :4-tetra- 
methoxychalkone, OH • C 3 H 2 (OMe )2 • CO • CH : CH • C<jH 3 (OMe) 2 , 
which condenses under the influence of dilute mineral acids, 
yielding 6:7 :3':4'-tetramethoxyflavanone, 

.CH.CoH3(OMe)2 


With nitrous acid this yields the isonitroso-derivative with the 
:N*OH group in position 3, and hydrolysis converts this into 

yO .CH.C6H3(OMe)2 

the di-keto-compound (OMe) 203 H 2 \ , 


yO .C.CeB 

which readily isomerizes into (OMe) 2 CeH 2 <r 

\00 • O • 0x1 


,JL±3VWiucy2 


and this, when demethylated, \nelds quercitin. 

Diflavone derivatives have been recently prepared. They 
are derived from dichromone — the condensation product of 

CH.O V yO .CH 
two pyrone and one benzene ring— ch.co/^«®2\CO.CH‘ 

Cf. Eyan and O’Neal, Abs. 1915, i, 707, 1071 ; 1916, i, 662, 663. 
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Hydroxy flavones react with magnesium and acetic acid, 
yielding green or bluish-green pigments, e,g, myricetin yields 
P TT /0(Mg.OAc).C.cA(OH)3 

- c . OH ’ **^**‘’°' 

chloric acid yield red pigments containing Cl in place of 
Mg.OAc (J. A. C. S. 1919, 41, 208). 

Cyanidin chloride, CigH^iOgCl, and similar products obtained 
by hydrolysing the glucosidic plant pigments known as antho- 
cyanins (Chap. XLII, B.) are closely related to the flavone 
dyes {fFillsiatter, Abs. 1914, i, 664, 1081), as proved by 4;he 
formation of phloroglucinol and hydroxybenzoic acids with 
alkalis at high temperatures, thus pelargonidin yidds p-hy- 
droxybenzoic acid, cyanidin yields protocatechuic acid, and 
delphinidin gallic acid. For cyanidin chloride the formula 


HO/V^ 


,OCl 


hVVh/ 


I 


OH 


OH 


has been deduced from the fact that quercitin, 3:5:7;3';4'-penta- 
hydroxyflavone, is reduced at 35® in alcoholic solution by 
magnesium and hydrochloric acid in the presence of mercury 
to a mixture of cyanidin and a^^o-cyanidin chlorides. In this 
reaction the CO group is reduced to CH*OH and HCl adds 
on to the pyrone 0 atom, and finally water is eliminated from 
the OH of the OH -OH group and the H attached to the 
para O atom. Pelargonidin has a similar structure, but 
with no OH group in position 3', and delphinidin chloride 
has an extra OH in position 5\ The corresponding com- 
pounds from the bilberry and grape are termed myrtillidin 
chloride and oenidin chloride, and are the 7-monomethyl 
and 3:4'-dimethyl ethers of delphinidin chloride. (B. 1914, 
47, 2831; A. 1915, 408, 1; 1916, 412, 113.) These salts 
are more stable than the oxsonium salts of pyrones (p. 662), 
but undergo appreciable hydrolysis, probably accompanied 
by isomerization in dilute aqueous solution as colourless 
products are formed. (Compare Everesty P. R. S. 1914, 87 B, 
444.) Pelargonidin has been synthesised by the following 
process: — 3:5;7-trimethoxy-coumarin as a ketone reacts with 
the magnesium derivative of p-bromoanisole, BrMg-C^H^-OMe, 
yielding the additive compound, 
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.0— qOMgBr) . CglL • OMe 
(0Me)2CeH/ | 

\CH:0.( 


•OMe 


and this with HCl gives the chloride containing Cl in place of 
OMgBr, and by hydrolysing the OMe groups with hydriodic 
acid the corresponding hydroxy compound is formed. 


2. QUINOLINE AND ITS DERIVATIVES 

Quinoline, 



bears the same relationship to naphthalene that pyridine does 
to benzene, its molecule consisting of condensed benzene and 
pyridine nuclei. It occurs, together with derivatives, in both 
coal-tar and bone-oil, and may be obtained by heating certain 
alkaloids with potash, e,g, cinchonine yields quinoline itself 
{Oerhardty 1842), and quinine gives methoxy-quinoline. 

Among the various syntheses of quinoline and its deriva- 
tives the following may be noted: — 

1. The first synthesis (Koenigs) was by the oxidation of 
allyl-aniline by passing its vapour over heated lead oxide; 

C,H5.NH.CH*.CH:CH, + 20 = ^aH + SH^O. 


2. In the common synthesis (Shaup, B. 14, 1002) aniline is 
heated with glycerol and sulphuric acid in presence of nitro- 
benzene or arsenic acid as oxidizing agent: 



OH.CHo.CH .OH ^ 
• -f O 
CHa-OnT 




./CH:C 

*\N=C 


CH 

CH 


+ 4H2O. 


The intermediate products are probably acrolein and 
acrolein - aniline, • N : CH • CH : CHa- The homologues 

and analogues of aniline yield homologues and analogues 
of quinoline by corresponding reactions; when a naphthyl- 
amine is used, the more complicated naphtho-quinolince are 
formed. 
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3. Baeyer and Drewson (B. 16, 2207) obtained quinoline b} 
the elimination of the elements of water from o-amino-cinnaini. 
aldehyde: 


C.H«. 


If o-amino-cinnamic acid is used, carbostyril (a-hydroxy 
quinoline, p. 580) is obtained {Baeyer): 

/CH:CH /CH:CH 


=C.(OH) 


4. When aniline is heated with aldehyde (paraldehjrde) and 
hydrochloric acid, a-methyl-quinoline (quinaldine) is obtained 
{Doehner and v. Miller), 

In this reaction ethylidene-aniline is formed as an inter- 
mediate product (B. 24, 1720; 26, 2072): 


Aniline 


OCB.CH, /CH:CH 

Quinaldine. 


d” 3H2O 


Here, again, various other primary arylamines may be used 
instead of aniline, and other aldehydes (B. 18, 3361) or ketones 
{e,g, B. 19, 1394) instead of paraldehyde. 

5. Aniline and acetoacetic acid combine together at tem- 
peratures above 110® to aceto-acetanilide, CHg^CO-CHg-CO* 
NH*CgH^, from which y-methyl-o-hydroxy-quinoline (“methyl- 
carbostynl ”) is formed by the elimination of water {Knorr^ A. 
1886, 236, 76): 


CHs- CO -CHj _ n g yCXCR^iCR 
CeH5.NH.60 "" ® *^ = C.OH 


+ H2O. 


Aniline can also react with acetoacetic ester below 100®, 
yielding ethyl ^-phenyl-amino-crotonate, CpHg-NH.C^CHg): 
CH-COgCaH., which yields y-hydroxy-quinaldine when heated 
{Conrad and lAmpach^ B. 20, 944): 


Cj^eO. CO .CH 
CeHe.NH.C.CHe 




:OH):CH 
^C.CH, 


+ C2HeOH. 


jS-Diketones and other compounds closely related to aceto- 
acetic ester also condense with aniline. In place of yS-di- 
ketones, mixtures of ketones and aldehydes, or mixtures of 
aldehydes which would yield jS-diketones or ^-ketonic alde- 
hydes if condensed together {C. Beyer, B. 20, 1767), can be 

(B480) 20' 
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emplOTed. With acetyl-acetone we obtain ay-dimethyl-quino- 
line (B. 1899, 32, 3228): 


CeH,.NHa-f 


CHs-CO-CH, 

CO-CHg 



CH3):CH 
= C.CHg 


-f 2H2O. 


These reactions are nearly allied to those already spoken of 
under 4. 

6. c-Amino-benzaldehyde condenses with aldehydes and 
ketones under the influence of dilute caustic soda solution, 
yielding quinoline derivatives (Friedlander^ B. 16, 2674; 16, 
1833; 25, 1752). With aldehyde quinoline itself results, and 
with acetone quinaldine: 



002*^ 

CO-K' 


< CH:C-E 


Acetophenone, acetoacetic ester, malonic ester, diketones, 
&c., also react in a similar way. 

Constitution . — The above modes of formation (especially 3 
and 6) show that quinoline is an ortho-di-substituted-derivative 
of benzene, and that it contains its nitrogen linked directly to 
the benzene nucleus; they also show that the three carbon 
atoms, which enter the complex, form a new hexagon {pyrir 
dino) ring with this nitrogen and with two carbon atoms of 
the benzene ring. The latter point also follows from the 
oxidation of quinoline to pyridine-dicarboxylic acid {Hoogewerff 
and van Dorp)\ 



Quinoline 


CO^.C.CH:CH 


COjH.C* N :CH 

Quinolinic acid. 


+ 2CO3 + H2O 


We have thus the following constitutional formula; 


7 2 


o N 



according to which quinoline is constituted in a manner per- 
fectly analogous to naphthalene, and may be regarded as 
derived from the latter by the exchange of CH for N, or as 
formed by the “condensation” of a pyridine and a benzene 
nucleus. 
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When quinoline derivatives are oxidized, the benzene ring 
is usually more readily ruptured than the pyridine one, e.g, 
quinoline yields pyridine-dicarboxylic acid (p. 570). a-Methyl- 
quinoline ^ves, on the other hand, o-acetyl-amino-benzoic acid 
when oxidized: 




:CH 

=C-CH, 


+ 60 = CeH,< 


OH 

H-CO.CHs 


+ C0^ 


(For laws governing the oxidation of quinoline derivatives, 
see W, V, MiUer, B. 23, 2262; 24, 1900; M. 1891, 12, 304.). 

The pyridine nucleus of quinoline takes up hydrogen more 
readily than the benzene one; thus quinoline is easily con- 
verted, even by tin and hydrochloric acid, into tetranydro- 
quinoline. It can be further reduced to the deca-hydride, but 
only with difficulty. 

The three hydrogen atoms of the pyridine nucleus, counting 
from the N, are designated as a-, /?-, and y-, and the four hy- 
drogen atoms of the benzene nucleus as (?-, m-, 2 ?-, and a- (ana-) 
hydrogen atoms, or more commonly the numbering shown 
above is adopted, the nitrogen atom being numbered 1 and 
the carbon atoms consecutively 2, 3, &c., up to 8. As no two 
hydrogen atoms are symmetrically situated in the molecule, 
seven mono-substituted derivatives of quinoline are in each 
case theoretically possible. As a matter of fact, all seven 
quinoline-monocarboxylic acids have been prepared. 

The position of the substituents follows ; {a) from the nature 
of the oxidation products, e,g, B-quinoline-carboxylic acid {Le. 
an acid in whicn the carboxyl is attached to the benzene 
nucleus) yields a pyridine-dicarboxylic acid, while a Py-quino- 
line-carboxylic acid (in which the carboxyl is linked to the 
pyridine nucleus) yields a pyridine-tricarboxylic acid; (6) from 
the synthesis of the compound in question. The methyl- 
quinoline, for instance, which is obtained from e?-toluidine by 
the Skraup synthesis must be the 8-methyl-quinoline: 



whilst 79t-toluidine must yield a 7- or 5-, and jp-toluidine a 
6-methyl-quinoline. 

Quinoline {Rtmge, 1834) is a colourless strongly refracting 
liquid of a peculiar and very characteristic odour. It boils at 
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239°, is a monoacid base, forms a sparingly soluble dichromate, 
(C 9 H^N) 2 , H 2 Cr 207 , and is used as an antifebrile. As a tertiary 
base It yields quinolonium salts (Hoser, A. 1893, 272, 221). 

Nascent hydrogen transforms it first into dihydro-quinoline, 
CnHnN, which melts at 161°, and then into tetrahydro-quinoline, 
/CHo-CH, 

CgHiiN, = GqII^\ • , a liquid boiling at 246°. Since 

• CHg 

both of these yield nitrosamines and can be alkylated, they are 
secondary bases. The tetrahydrocompound exerts a stronger 
antifebrile action than the mother substance, especially in the 
form of its ethyl derivative, cairolin (B. 16, 739). 

ftuinoline decahydride, C^qH^N, is obtained when strong 
reducing agents are employea. It forms crystals of a narcotic, 
coniine-Tike odour, melts at 48°, and boils at 204°. 

Halogen derivatives of quinoline and nitro-quinolines have 
been prepared by the Skraup reaction, &c.j and, from the 
reduction of the latter, amino-quinolines, C 9 H 9 N(NH 2 ). The 
quinoline-sulphonic acids yield cyano-quinolines with potassium 
cyanide, and hydroxy-quinolines when fused with potash. 

1 -Hydroxy-quinoline, carbostyrU, is a quinoline hydroxylated 
in the pyridine nucleus (see p. 677, mode of formation 3). It 
crystallizes in colourless needles, melts at 198°, and is soluble 
in alkali, from which it is again thrown down by carbonic 
acid. Its constitution follows from its formation from (^amino- 
cinnamic acid (p. 482). 

Quinaldine, 2’methyl-quinoline, C^gllgN, is contained in coal- 
tar. It is a colourless liquid of quinoline odour, and boils at 
246°. When oxidized with chromic acid it yields a quinoline 
derivative, with permanganate a pyridine-tricarboxylic acid. 

The hydrogen of the methyl group readily enters into 
reaction; quinaldine condenses with phthalic anhydride to 
produce the dye, quinoline-yellow, C,oH 7 N(CO) 2 CeH 4 , the 
disulphonic acid of which is quinoline-yellow S. A mixture 
of quinoline and quinaldine is transformed into the (unstable) 
blue dyes, the cyanines, when alkylated and treated with caustic 
potash. These are used as sensitizers for photographic plates. 

Quinoline-carboxylic Acids. — Cinchoninic acid, quinolineA- 
carboxylic acid, C 9 HgN(C 02 H), which is obtained by the oxida- 
tion of cinchonine with permanganate of potash, crystallizes in 
needles or prisms and melts at 254°. From it is derived quinio 
aci^ ^-TMthoxy-quirwline-i’Carboxy C9H5N(0CH8)*C02H, 

which is obtained by oxidizing quinine with d^omic acid; it 
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forms yellow prisms, melting at 280^ Qmnoline-2:3-di- 
oarboxylic aci^ or acridinic add^ is formed by the oxidation 
of acridine. 

3. ISO-QUINOLINE 

Iso-quinoline, an isomer of quinoline, occurs along with the 
latter in coal-tar (B. 18, Eef. 384), It is a solid, melts at 23°, 
and boils at 240°. Since oxidation converts it into cincho- 
meronic acid on the one hand and phthalic acid on the other 
it possesses the constitution : 




CHj.CO 


Its constitution also follows from its synthesis* from homo- 
phthalic acid, ^ which the substituents 

are in Ae o-position. This may be converted into its imide, 

, by heating the ammonium salt. This imide 

with phosphorus oxychloride reacts as the tautomeride, 

.CH=C(OH) 

, and yields the corresponding dichloro- 

iso-quinoline, which is reduced by hydriodic acid and red 
phosphorus to iso-quinoline. 

A simple synthesis of iso-quinoline derivatives is as follows : — 
An unsaturated ketone is formed by condensing an aromatic 
aldehyde with acetone; this is reduced and then converted 
into the synoxime, from which by the Beckmann rearrange- 
ment dihydroisoquinolines are formed together with other 
products (B. 1916, 49, 675): 

CeHfi.CHiO — CoHg.CHiCH.COMe 

CeHfi.CHg-CHa-COMe CeHg.CHg-CHg-CMerN.OH 

yCHo-CHo , . 

X • l-methyl-3:4-dihydroisoqumolme. 

\CMe:N • 




B. The Acridine Group 

Acridine, CjgHgN (Gh-aebe and Caro), is a basic constituent of 
the crude anthracene of coal-tar, and also of crude diphenyl- 

* For synthesis from j8-naphthaquinone see B. 26, 1138, 1493; 27, 198; 
and for synthesis from benzylaminoacetaldehyde hydrochloride and sul- 
phuric acid see E, FUcher, B. 26, 764. 
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amine. It crystallizes in colourless needles, may be sublimed, 
and is characterized by an intensely irritating action upon the 
epidermis and the mucous membrane, and also by the greenish- 
blue fluorescence shown by dilute solutions of its salts. 

Acridine stands in the same relationship to anthracene that 
pyridine does to benzene or quinoline to naphthalene. It may 
be regarded as anthracene in which one of the CH groups of 
the middle ring is replaced by N. The constitutional formula: 

(I) or (II) C,H4g^>CeH4, 

is based (a) upon the oxidation of acridine to quinoline- 
2:3-dicarboxylic acid, and to pyridine tetracarboxylic acid — 
the ^-union between C and N in I becomes ruptured during 
the oxidation ; (b) upon its synthesis from diphenylamine and 
formic acid, or formyl-diphenylamine, (CgH 5 ) 2 N • CHO, with 
zinc chloride (Bernthsen, A. 224, 1): 

( 9 ) 

/H CH:0 H\ 

Formyl-diphenylamine Acridine 

It is also obtained when the vapour of <?-tolyl-aniline is passed 
through a red-hot tube. An interesting synthesis is by boiling 
(i-aminobenzaldehyde and iodobenzene in nitrobenzene solution 
with NagCOg and Cu powder (B. 1917, 60, 1306): 

Acridine is a tertiary base, and as such combines with alkyl 
iodides, yielding acridonium iodides. It is a much feebler 
base than quinoline, and on reduction readily forms a dihydro- 
derivative, which is not basic. 

9-Methyl- and butyl -acijidines, phenyl -acridine, and 
naphtho-acridines (i.e, acridines which contain instead 

of CgH.) have all been prepared synthetically. 

Acridine, like antHracene, is a chromogene, and gives rise to 
the acridine dyes (Chap. LV, F.). qtt 

The oxygen analogue of dihydro-acridine, 

PH 

is diplieiiylene-methane oxide, or xanthene, CgH 4 <^Q^CjH 4 , 
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a decomposition product of aluminium phenoxide, also obtained 
by distilling euxanthone over zinc dust. It crystallizes in plates, 
and melts at 98-5° It is on the one hand the mother substance 
CO 

of zanthone, CjH 4 <' ^ and its derivative evzsmtlione 

or dihydroxy-mnthone^ OH-CgH 3 <^ Qj>CgH 3 'OH, and, on the 

other hand, of the rhodamines and fluoresceins (p. 521). Its 
tetramethyl-diamino-derivative results from the condensation 
of formaldehyde with m-dimethylamino-phenol to tetramethyl- 
diamino-dihydroxy-diphenyl-methane and subsequent elimi- 
nation of water (ring formation), and is the leuco-compound 
of formo-rhodamine or pyronincy Ci-^HigNgOCl, into which it 
passes upon oxidation and production of quinoid linking, thus: 
.CeH,.N(CH3)2 .CeH..N(CH3), 

HaCK >0 HC\ ^ 

^CeH3.N(CH3)3 XH,:N(CH^cC1 

Leuco-componnd Formo-rhodamine hydroomorlde. 


XXXIX. SIX-MEMBERED HETEROCYCLIC COM- 
POUNDS WITH NOT MORE THAN FOUR 
CARBON ATOMS IN RING. AZINES, ETC. 

A number of siz-membered heterocyclic compounds, con- 
taining four carbon and two other atoms, are known, e.g. par- 
ozazine, with 4C, 10, and IN, the 0 and N in the n-position. 

CTT .CTT 

A derivative of this is morpholine, 0 <Cqij^ ;gg2>NH. Simi- 
larly, thiazines (4G, IS, IN) and dia 2 une 8 (4C, 2N) are 
known; and these are the parent substances of numerous 
important dyes. The majority of these dyes are not simple 
derivatives of oxazines, thiazines, or diazines, but are derived 
from condensed benzene and oxazine, or benzene and diazene 
nuclei, and may be compared with anthracene. For example, 
phenazine is anthracene in which two CH-groups have been 
replaced by two N-radicals: 


CH N 



Anthraceo^ 


Fhenadae 
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dihydro-phenazine corresponds with dihydro-anthracene, and 

E henoxazine with dihydrchanthracene in which one CHj has 
een replaced by 0 and another by NH, e,g,\ 

(i)OA<^>CA (H) cja:4<^>CA (in) 

Dlhydro-phenazine Phenoxazine Fhenthlazine 

(ihlo-diphenyl amine). 

Further, the benzene nuclei may be replaced by those of 
naphthalene, with the formation of: 

(IV) (V) 

Naphthazlne Naphtho-phenoxazine. 

An isomeride obtained from ^-chloraniline, ZnClg and AICI3, 
is represented by formula VI, and contains a ring with 10 atoms. 

Oil O' 

The compounds (I-III) of the type of dihydro-anthracene 
are the leuco-compounds of dyes when they contain an amino- 
(alkylamino-) or hydroxy-group in the j[?ara-position to the 
nitrogen. The dyes themselves are derived from amino- or 
hydroxy-phenazines (see Chap. LV, H.). 


THE DIAZINES 


The three simple diazines are: 


Pyiidazine. 


Pyrimidine. 


N<^;cS>N 

Pyrazine. 


Fyridazine is a colourless liquid, b.-pt. 208°, is miscible with 
water, has an odour of pyridine, and forms soluble salts. 
(Preparation, B. 28, 451; Derivatives, Annales, 1914, ix, 2, 403.) 

Pyrimidine can be obtained <from barbituric acid and from 
methyluracil (p. 297); it forms colourless crystals, m.-pt. 22° 
and b.-pt. 124°. The pyrimidine ring is met with in uric acid 
and in most purine derivatives (cf. B. 34, 3248). 

Pyrazine forms colourless prisms, m.-pt. 47°, b.-pt. 118°, and 
is basic (J. pr. [ii], 61, 449). Dimethylpyrazine, Kdin^ is 
present in crude amyl alcohol, and can be obtained by the 
reduction of isonitrosoacetone or by condensation of amino- 
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x^etone. Tetraphenylpyrazine is readily obtained from ben- 
oin. Hexahydropyrazine or piperazine is diethylene-diamine 
,nd is a solid, m.-pt. 104°, b.-pt. 145°, and is used in medicine as 
. uric acid eliminant. It is manufactured by the action of 
thylene bromide on aniline, converting the diphenyldiethylene- 

liamine di-^-nitroso-deriva- 

ive and hydrolysing this to phenol and piperazine. 

Of the compounds formed by the union of a benzene 
nd a diazine nucleus the most important is quinoxalinp, 
/N:CH 

which is obtained from o-phenylene-dianjine and 

lyoxal. Substituted quinoxalines are formed by condensing 
-diketones, a-ketonic acids, &c., with o-phenylene-diamines. 
)f more importance is the group of compounds containing 
wo benzene nuclei condensed with one diazine ring, e,g, 
thenazine. 

Phenazine, or azo-phenylene (p. 583), is obtained by the dis- 
illation of barium azo-benzoate, or by leading the vapour of 
niline through red-hot tubes ; also from nitrob^enzene, aniline, 
nd sodium hydroxide at 140°, or by the oxidation of its 
ydro-compound (see below). It crystallizes in beautiful, 
3ng, bright-yellow needles melting at 171°, and can be readily 
ublimed. It is only sparingly soluble in alcohol, but readily 
1 ether, and also dissolves in concentrated sulphuric acid to a 
ed solution; the alcoholic solution yields a green precipitate 
n the addition of stannous chloride. When reduced with am- 
lonium sulphide it yields the colourless hydro-compound, di- 
ydro-phenazine, Ci2Hip02, which may be obtained syntheti- 
ally by heating catechol with (?-phenylene-diamine : 

C6H4<oh + = C6H4<gg>CeH* + 2H*0. 

The entrance of hydroxy- or amino-groups into these azines 
onverts them into dyes. In accordance with modern views of 
he quinonoid structure of dyes these derivatives are usually 
iven ortho or para quinonoid formulae : 

Para,CeH4<^=>CeH3:NH; ortho, C,H4<55^eH3.NH» 

nd similarly for hydroxy derivatives. For the more impor- 
mt of these dyes cf. Chap. LV, H. 
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An indicator, (N02)2Cg 



CO.NH 

NH.CO' 


a pyrimidine derivative, 


can be obtained from anthranilic acid by the following series 
of reactions: 


yCOJEL 

CeHZ — C,h/ 

\NHa KCNO ^NH-C 


NH • CO • NHo Caustic soda and 
^ acetic acid 


/00-NH 


CX)-NH 


It gives a greenish-yellow colour with hydrion concentrations 
of 10"®; below 10“® it is colourless (J. A. C. S. 1916, 38, 1606). 


PHENOXAZINE8 AND PHENTHIAZINES 

Fhenozazine (p. 584) is obtained by heating catechol with 
d-aminophenol, and crystallizes in plates. The leuco-compound 
of nile blue is a diethyldiamino-naphthaphenoxazin. For 
phenoxazine dyes see Chap. LV, H. 


XL. ALKALOIDS 

The group of alkaloids at one time comprised the whole of 
the nitrogenous basic compounds present in plants or derived 
from the various plant tissues by distillation. Thus methyl- 
amine, betaine, asparagine, caffeine, and the opium alkaloids 
were all grouped together; but as their constitutional formulae 
were established they were grouped with the compounds to 
which they were closely related, e.g. methylamine with the 
primary aliphatic amines, betaine with the alkyl derivatives of 
glycocoll, and caffeine with the uric acid or purine derivatives. 
The name is now largely restricted to the nitrogenous basic 

S lant constituents which can be regarded as derived from pyri- 
ine, quinoline, or iso-quinoline, and to those of unknown 
constitution. 

They form an extremely important group of compounds on 
account of their physiological properties, and they constitute the 
active principles of the common vegetable drugs and poisons. 

With a single exception they occur exclusively in dicotyle- 
dons, and as a rule do not exist in the free state, but combined 
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with organic acids in the form of salts. Such acids are malic 
(p. 256), citric (p. 271), and tannic (p. 486) ; quinic acid usually 
accompanies the alkaloids of opium. 

A few of the alkaloids are built up of carbon, hydrogen, and 
nitrogen, e,g, coniine, nicotine. Such compounds as a rule are 
liquids and are readily volatile; the majority, on the other 
hand, contain in addition oxygen, and then are usually crystal- 
line and non-volatile. All are optically active, and as a rule 
Isevo-rotatory. A few like coniine are secondary bases, but 
the majority are tertiary, and a few quaternary ammonium 
compounds. * 

The following reagents as a rule precipitate the alkaloids in 
the form of complex derivatives from solutions of their salts, 
viz. tannin, phosphomolybdic acid, a potassium iodide solution 
of iodine, and also potassium mercuric iodide. They are 
further characterized by their bitter astringent taste and by 
their poisonous properties. Each individual alkaloid gives 
characteristic colour reactions. 

The alkaloids are usually extracted from plant tissues by 
lixiviating the finely-divided tissue with acidified water. The 
extract is then rendered alkaline with ammonia and the free 
alkaloid separated by filtration, or, if it is at all readily soluble, 
by extraction with chloroform. 

Among the reactions made use of in elucidating the structure 
are: — 

1. Determination of the number of free hydroxyl groups by 
acetylation (cf. p. 209). Thus morphine can be shown to con- 
tain two, codeine one, and papaverine none. 

2. Determination of methoxy, OMe, groups by ZeiseVs method 
or Perkin's modification. Determination of Nlie, methylimino, 
g^roups by heating the hydriodide at 300° and estimating the 
CH3I eliminated {Herzig and Meyer). 

3. Study of the action of hydrolysing agents. Esters are 
hydrolysed, but most other types of linking are resistent to 
such agents. Narcotine (p. 594) yields opianic acid and hydro- 
cotarnine, and is presumably ap ester derived from these two 
compounds. Similarly, atropine (p. 599) on hydrolysis yields 
tropic acid and tropine. As the products of hydrolysis are 
simpler than the original alkaloid, the elucidation of their 
constitutions is less mfficult. 

4. Examination of the products of oxidation. Thus codeine 
contains a secondary alcoholic group, as on oxidation it yields 
a ketone, codeinone, containing the same number of carbon 
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atoms. Coniine when oxidized yields picolinic acid) and must 
thus be an a -substituted derivative of pyridine. Cinchonine 
yields quinoline-y-carboxylic acid. 

5. Determination of the primary, secondary, tertiary, or 
quaternary nature of the base. 

6. Study of the degradation products obtained Dv exhaus- 
tive methylation. As an example of this method the simple 
secondary amine piperidine may be taken. When methylated 
by means of methyl iodide it yields first the tertiary amine 
methylpiperidine, and finally the quaternary ammonium iodidev 
dimethylpiperidonium iodide. This with moist silver oxide 
yields the quaternary base, which on distillation decomposes 
into water and an unsaturated aliphatic tertiary amine: 

= HjO f-CHaiCH.CHj-CHj.CHa.NMea. 

When methylated and treated with silver oxide this un- 
saturated base yields a quaternary hydroxide, which splits 
up into water, trimethylamine, and pentadiene when dis- 
tilled : 

CH,:CH.CH,.CH,.CHa-JNMe3.0H 

= HjO-fNMej-f CHgiCH.CHj.CHiCHsj. 

7. An examination of the products obtained by fusing the 
alkaloid with potash or by distilling it with zinc dust. Thus 
morphine and zinc dust yield phenanthrene together with 
other products, and hence the molecule of morphine probably 
contains a phenanthrene ring. Papaverine, when fused with 
potash, yields Vximethoxy- iso -quinoline and 3:4-dimethoxy- 
toluene, and hence papaverine is probably an iso-quinoline 
derivative. The processes of fusion with potash and distilla- 
tion with zinc dust require high temperatures, and as molecular 
rearrangements occur much more readily at high than at low 
temperatures, the conclusions drawn from a study of the 
products formed during such^ processes shonld be accepted 
with a certain amount of reserve unless supported by other 
evidence. 

The alkaloids can be grouped according to their origin, e,g 
the opium alkaloids, bases from solanine, &c., or according to 
the heterocyclic ring which they contain. The latter me^od 
is adopted here, and we thus have the pyridine, quinoline, iso- 
Quinoline, and phenanthrene groups. 
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Many of the alkaloids are extremely complex, and several, 
e.g, quinine and strychnine, have so far not been synthesised in 
the laboratory. The function of such complex nitrogenous 
compound in the plant system and the manner in which the 
complexes are built up in the tissue are problems which have 
aroused much interest. Bobinson in “A Theory of the 
Mechanism of the Phytochemical Synthesis of certain 
Alkaloids” (J. C. S. 1917, 111, 876) has suggested probable 
methods of formation. The two main reactions which bring 
about union between carbon and carbon are (1) the aldol 
condensation (p. 137) of aldehydes, and (2) the condensation of 
an aldehyde or ketone with ammonia or an amine to a carbinol- 
amine, >C(OH)‘N<, and the reaction of this with s&bstances 
containing the group, >CH*CO— , e,g,: 


-CH.OH 

-CH,*NMe 


+ CHa-CO.GHa 


-CH.CHa-CO.CHs 


-CHa-NMe 


+ HjO. 


Eeactions of this type require no condensing agent, and 
proceed almost to completion in aqueous solution at the 
ordinary temperature. The important starting-points arc 
ammonia, formaldehyde, ornithine (arginine), and lysine (pp. 
227 and 639), and degradation products of carbohydrates, 
more particularly citric acid, which can give rise to acetone- 
dicarboxylic acid on oxidation, and this supplies the acetone 
complex. 

Thus lysine, NH2-CH2.CH2.CH2.CH2.CH(NH2)*C02H, 
with formaldehyde undergoes methylatioii and oxidation, 
giving NHMe*CH 2 *CH 2 -CH 2 'CH: 0 , which with more 

Qtr piiJ 

formaldehyde produces N^®<Cch(OH) ;gg 2 >CH 2 , and this 

with acetone yields NMe<^g|Qg^ the 

alkaloid methyl-pelletierine of the pomegranate trees. 

Similarly, tropinone (p. 600) from 1: 4-diamino valeric acid 
(ornithine). By combined methylation and oxidation this can 
yield succindialdehyde and methylamine, which can undergo 
CH2-CH(0H) 

CH,.CH(OH) 

condenses with acetonedicarboxylic acid yielding; 


^NMe. This product readily 


CHj-CH - CH.COjH 

L NMe CO 

j-CH - CH.COjH, 
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which by loss of carbon dioxide gives: 

CHj-CH - CHj 

I NMe CO 
CHg-CH - CHjj, 

tropinone. By similar processes the formation of many 
alkaloids and derivatives of pyrrolidine, piperidine, quinoline, 
iso-quinoline, related to the alkaloids, can be explained 

A. Alkaloids derived from Pyridine 

] . Coniine, dextro-rotatory a-ncyrrnal’^opyl-piperidiney C 5 HJ 0 N 
(C3H7), is the poisonous principle of hemlock (Conium macu- 
latum). It is a colourless dextro-rotatory liquid of stupefying 
odour, sparingly soluble in water, and boils at 167°. Hy- 
driodic acid at a high temperature reduces it to normal octane, 
while nitric acid oxidizes it to butyric acid, and potassium 
permanganate to picolinic acid (hence the a-position). 

Ladenhurg has prepared it synthetically by reducing a-allyl- 
pyridine (p. 568) in alcoholic solution by means of sodium : 

C5H4N(C3H6) + 8H = C6HioN(CH2.CH3.CH3). 

The pyridine ring is reduced to a piperidine ring, and at 
the same time the unsaturated allyl side-chain is reduced to a 
^propyl group. The a-carbon atom is an asymmetric carbon 
atom, ie, it is attached to four different monovalent radicals, 
and the whole molecule is asymmetric. The synthetical pro- 
duct is optically inactive, and thus differs from the natural 
product, but it has been resolved by fractional crystallization 
of the d-tartrate into d- and Z-coniine. The relations of these 
two bases to one another and to the inactive modification are 
the same as those^pf d- to /-tartaric acid and to racemic acid. 

2. The alkaloid, pelletierine, found in pomegranate bark, is 
an aldehyde, and has a CHO group in place of the terminal 
CH3 group in coniine, and when reduced with sodium ethoxide 
at 160-170®, it yields d/-coniine {Hess and Eichel, B. 1917, 60, 
1192, 1386; 1918, 61, 714). 

3. Alkaloids derived from pyridine are present in areca 
nut; these are guvacine, or l:2:5:6-tetrahydropyridine-3-car- 
boxylic acid, which has been synthesised by W ohl and Losanitsch, 
1908; guvaooline, the corresponding methyl ester; arecaine, 
or arecaidine, the N-methyl derivative of guvacine; and 
arecoline, the methyl ester of arecaidine. (B. 1919, 62 B, 206.) 

Nicotine, is the poisonous constituent of the 

tobacco plant, in which it exists in combination with malic 
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and citric acids. It is a colourless, oily liquid soluble in 
water, and is Isevo-rotatory. It rapidly oxidizes in contact 
with the air, and boils at 247®. It is a di-tertiary base, as it 
combines with methyl iodide, yielding two isomeric quaternary 
salts. On oxidation with permanganate it yields nicotinic acid, 
and hence must be a ) 8 -pyridine derivative. These reactions, 
combined with its synthesis {Pictet^ C. R. 1903, 187, 860), prove 
it to be a-pyridyl-N-methyl-pyrrolidine (formula V). 

Synthesis: — Nicotinic acid is transformed into its amide, and 
this with bromine and alkali reaction, pp. 110, 190) 

gives ) 8 -amino-pyridine, the salt of which with mucic acid 
(p. 268) distilled yields N-pyridyl-pyrrole (I) : 

CH-CH, 

s_n/CH:CH 

NjH:( 


(I) 


:CH, (II) 


V 



Y 


C CH 

\Y , 

NH 


and the vapour of this passed through a heated tube gives 
the isomeric a-pyridyl-pyrrole (II), the potassium derivative of 
which with methyl iodide yields (III) : 



and when distilled with lime a-pyridyl-N-methy 1-pyrrol (IV), 
which can be reduced to r-nicotine, and this may be resolved 
into its optically active components by the aid of d-tartaric 
acid when Z-nicotine-d-tartrate crystallizes out first. 

Pipeline (p. 570), piperic acid piperidide,'can be synthesised 
from piperidyl chloride and piperidine. It melts at 128°, is 
present in the fruits of different species of pepper, and on 
hydrolysis yields piperidine and piperic acid (p. 491). 

; qh 5>N . CO • CH : CH . CH : CH . CgHj^OaCHj). 

2 y 


B. Bases derived from Quinoline 

Among these are the alkaloids present in Cincliona barks, 
(a) Quinine, C 20 H 24 O 2 N 2 -h SHgO, a diacid base of intensely 
bitter taste and alkaline reaction, of which the sulphate and 
chloride are universally used as febrifuges. It crystallizes 
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in prisms or silky glistening needles, melts at 177*^ when 
anhydrous, is sparin^y soluble in water, and is Isevo-rotatory . 
Dilute solutions of its salts show a brilliant blue fluorescence. 

As a base quinine is a tertiary diamine, but it contains in 
addition — as its reactions show — one hydroxy-, one methoxy- 
group and an ethylene linking, and seems to be built up of 
two diflferent ring systems: 

(CH30).CAN.CioH,5(OH)N. 

The first of these represents the radical of a 6-methoxy- 
quinoline, and this compound is obtained when quinine is 
fused with potash. The second system probably possesses a 
ring similar to that of tropine, since it yields as decomposition 
products sometimes a pyridine derivative {e,g. ^-ethyl-pyridine 
on fusion with alkali), and sometimes benzene derivatives 
containing no nitrogen {e.g, a phenolic compound, CjoHigOH, 
together with ammonia, on successive treatment with phos- 
phorus pentachloride, potash, and hydrobromic acid). 

It yields quinic acid, 6-methoxy-quinoline-4-carboxylic acid, 
C 9 H 5 N( 0 CH 8 )C 02 H (p. 680), and meroquinene when oxidized 
with dichromate mixture. 

Meroquinene appears to be 3-vinylpiperidyl-4-acetic acid (B. 

30, 1326), CO„H . CH„. ' cij^>NH. as it 

yields first cincholoiponic acid, 3-carboxypiperidyl-4-acetic 
acid, and finally loiponic acid^ piperidine-3 ;4-dicarboxy lie acid, 
when oxidized with permanganate. 

The formula suggested for quinine by Koenigs is: 



and this has received support frem Babe and his co-workers, as 
both quinine and cinchonine when oxidized yield ketones con- 
taining the same number of C atoms. When heated with 
acetic acid the two alkaloids yield isomeric products known 
respectively as quinotoxine and oinchotoxine on account of 
their poisonous properties. These bases are ketones and 
secondary bases, and are formed by the conversion of the 
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CHOH group into CO and the rupture between the N atom 
and C atom numbered 2. 

Quinine is a valuable drug in cases of malaria; numerous 
substitutes are now employed, especially quinine derivatives 
devoid of bitter taste. The esters derived from the alcoholic 
OH group — aristoquinine, diquinine carbonate ; enquinine^ ethyl 
quinine carbonate; and saloquinine, quinine salicylate — are used. 

(b) Cinchonine, CigHgaONg, is similar to quinine, but with- 
out the methoxy group in the quinoline nucleus. It crystal- 
lizes in colourless prisms, sublimes readily, and is not so active 
a febrifuge as quinine. When oxidized with dichromate ^nd 
sulphuric acid it yields cinchoninic (quinoline-4- carboxylic) 
acid and meroquinene; with permanganate it yields cincho- 
tenine and carbonic acid. Cinchotenine no longer combines 
with hydrogen chloride, and in the oxidation the double link- 
ing present in cinchonine has been removed and a carboxylic 
group introduced. When treated with PCI5 and then with 
alcoholic potash, cinchonine loses a molecule of water, yielding 
cinchene^ C19H2QN2, which can be hydrolysed by 25 per cent 
phosphoric acid to lepidine (4-methyl-quinoline) and mero- 
quinene. It has very little therapeutic value. 

{c) d-ftuinidine, C2oH2402N^ and Cinchonidine, 
are probably stereoisomeric with quinine and cinchonine. 

These are but a few of the numerous alkaloids present in 
these barks. In addition, organic acids {e.g, quinic and quino- 
tannic) and neutral substances are also present. 

C. Bases derived from /so-Quinoline 

(a) Papaverine, C2PH21O4N, is found (1 per cent) togethei 
with narcotine, narceine, laudanosine, laudan^e, and the mor 
phine alkaloids in opium, the solid obtained by drying the 
juices extracted from the seed vessels of Papaver somniferum. In 
addition to some twenty alkaloids, many of which are present 
in only small quantities, opium also contains fats, resins, 
sugars, albumins, &c. The alkaloid crystallizes in prisms, 
m.-pt. 147°, and is optically inactive. It has hypnotic pro- 
perties, but not to the same extent as morphine. It is a ter- 
tiary base, and all four oxygen atoms are present as methoxy 
groups, and when hydrolysed with hydriodic acid the corre- 
sponding tetrahydroxy-derivative, papaveroline^ CiQHig04N, is 
formed. When oxidized with permanganate it yields first 
papaveraldine, CgoH^gOgN, and finally dimethoxy-iso-quinoline- 
carboxylic acid and a-carbocinchomeronic acid (pyridine-1 :2:3- 
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carboxylic acid). When fused with potash it takes up two 
hydrogen atoms, and yields 4:5-dimethoxy-iso-quinoline and 3:4- 
dimethoxy toluene. When reduced, the N ring adds on4 H atoms. 

From these and other reactions G. Goldschmudt concluded 
that the base is TtA^dimeilwxyhemzyl-^'Xi’dimeih 

OMe 

CH,— ^Me 

and this formula has been confirmed by Fidd and Qwm^ syn- 
thesis (C. K. 1909, 149, 210 ) by the following steps: — 

\. CgH4(OMe), — C,H3(OMe)j.CO.CH3 (4) 

Veratrole or Friedel- Acetoveratrone 

1 :2^11methoxybeii2ene Crafts* 

— CeH3(OMe)2 • CO • CH : N • OH 

Amyl pltrlte Isonitrosoacetoveratrone 

— CeH3(OMe)2 • CO • CHj • NHjHCl 

^ 2 1 SnClt Amino-acetoveraferoue hydrochloride. 

2. OHO.CeH8(OMe)OH — CHO.CeHsCOMe)^ 

VaniUin methylated MethylyanUliD 

— C,H 3 (OMe),-CH(OH).CN — CgHj^OMe),.CH(OH)-CO,H 

IlCN bydrolyBli 

— CeH3(0H)2.CH2.C02H — CeH8(0Me)2.CHa.C02H 

II r Uomoprotocatecbuic acid methylated Homoveratric acid 

— CflHs(OMe)3.CH2.COCl 
Homoveratroyl chloride. 

3. Amino-acetoveratrone hydrochloride and homoveratroyl 
chloride condense in the presence of cold potassium hydroxide, 
yielding (OMe) AHs • CO . CH^ . NH . CO • CHg . CeH 3 (OMe) 2 ; 
this can be recced to the corresponding secondary alcohol 
which reacts with dehydrating agents, losing two molecules of 
water and forming 3':4'-dimethoxybenzyl-4:5-dimethoxy-iso- 
quinoline, which is identical with papaverine. 

( 6 ) Laudanosine, C 21 H 27 O 4 N, crystallizes in needles, m.-pt. 
89®, and is dextro-rotatory. It has been shown by Pidd and 
Athemesm (B. 33, 2346) to be •an N-methyl-tetra-hydropapa- 
verine, and has been synthesised by Pidet and Finkelsiein 
(C. E. 1909, 148, 295). 

(c) Narcotine, CggEggOyN, occurs in opium (6 per cent), 
crystallizes in colourless needles, m.-pt 176®, and is Isevo- 
rotatory. It is a feeble tertiary base, and its salts are readily 
hydrolysed by water. It contains three methoxy groups, and 
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when hydrolysed by dilute acids or alkalis, yields opianic acid 
and hydro-cotarnine. When reduced it yields meconine and 
hydro-cotarnine, and when oxidized yields opianic acid and 
cotarnine, and when heated with alkalis at 220° yields methyl- 
amines, thus indicating that the N-atom is methylated. 

The racemic compound has been synthesised in small quan- 
tities {Perkin and Bobinsmiy J. C. S. 1911, 776) by boiling an 
alcoholic solution of cotarnine and meconine, and has foen 
resolved by means of d-bromo-camphor-sulphonic acid. 



Cotarnine,* 




!H,- 

V xJH(OH)-NMe 

^^Me. 


Both meconine (III, p. 596), the lactone of 6-hydroxymethyl- 
2 :3-dimethoxy benzoic acid, and cotarnine have been synthe- 
sised. The former by Fritsch (A. 301 , 352) and the latter by 
Salway (J. C. S. 1910, 1208), and also by Decker and Becker 
(A. 1913, 396 , 328). 

The structural formula (II) was deduced by Roser for cotar- 
nine by a study of its degradation products. When methylated 
and decomposed by alkalis it yields trimethylamine and an 
aldehyde, cotarnone, CgHgOg • CHO, which on further oxidation 
gives a methoxy-dibasic acid, known as cotarnic acid, and this 
with hydriodic acid and phosphorus at 160° yields gallic acid 
(3:4:5-trihydroxybenzoic acid). Cotarnine itself, in ethereal 
or chloroform solution, has the carbonium structure III, whereas 
its salts and also the base in aqueous or alcoholic solution 
have the ammonium structure IV (cf. Bobbie, Lauder^ and 
Tinkler, J. C. S. 1903, 598; 1904, 121): 


m. CH,<g>CeH(OMe)<(^y^' 


!H(OH).NMe 


Cotarnine 


-CHo 


— IV. CH,<g>C,H(OMe) 


/CH=NMe.OH (or a) 
\CH, -CHj^ 
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Cotarnic acid is 3-methoxy-4:6-methylenedioxyphthalic acid, 
and cotarnone 6-viiiyl-3-methoxy-4:5-methylenedioxy-benzalde- 
hyde. Hydro-cotarnine is also a reduced iso-quinoline derivative ; 

The steps in Salimas synthesis of cotarnine are: Myristic 
aldehyde (3-methoxy-4:6-methylenedioxy-benzaldehyde) — 3- 

Perkin’s syntheBis. 

methoxy-4:5-methylenedioxy-cinnamic acid corresponding 

red. 

dih^dro acid — > acid amide — )8-3-methoxy-4:5-methylene- 

Ho/mann reaction. 

dioxy-phenylethylamine — phenacety 1-derivative of amine — 8- 
methoxy-6 : 7-methylenedioxy- 1 - benzyl-3 : 4-dihydro -iso-quino- 
line — ► 1-benzylhydrocotarnine — *• cotarnine. 

Methochloride H0SO4 

with tin and HGl. + MnOs. 

The d-l- narcotine is the alkaloid gnoscopine* 

FritscKs synthesis of meconine consists in condensing chloral 
with the ester of 2:3-dimethoxybenzoic acid, hydrolysing the 
product (I) to the hydroxy dibasic acid (II), and, finally, 
eliminating COg and HgO by heating the dibasic acid and 
obtaining the lactone, meconine (III) : 

(I) CaH2(0Me)2<^Q2^QQ2^^^0. 

(II) QH2(OMe)2<^Qg2Hg^^QQ^g^ (III) C6H2(0Me)2<^^^0. 

{d) Hydrastine, CgjHgiOgN, occurs in the roots of Hydrastis 
canadensis^ and differs from narcotine by having no methoxy 
group in the iso-quinoline ring. When oxidized it yields 
opianic acid and hydrastinine, which is the analogue of cotar- 
nine. (Synthesis OT hydrastinine, cf. Freund^ B. 20 , 2403.) 

{e) Berberine, C 2 qHj.^ 04 N, HgO, is the chief alkaloid present 
in HydrastiSy but has not marked physiological properties. 
{Perkin and Bobinsony J. C. S. 1910, 305; 1912, 1219; Tinkler y 
1911, 1345; Bobinsony 1917, 958.) Tetrahydroberberine is: 

CH 2 






CH XCHn 
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For its synthesis see Pictet and GamSy C. R 1911, 163, 386. 
The positions of the double linkings in berberine are not 
known with certainty. 

(/) Corydaline, C 22 H 27 O 4 N, from Corydalis cava^ crystallizes 
in prisms, m.-pt. 134'6°, and contains four methoxy groups. 
The structural formula suggested by Dobbie and LavderQ. C. S. 
1903, 606) is: 



Emetine, cephaeline monomethyl ether, C 09 H 4 QO.N 2 , and 
cephaeline are alkaloids present in ipecacuanha, ana appear 
to be derived from iso-quinoline, as 6:7-dimethoxy-iso-quin- 
oline - 1 - carboxylic acid is found among their oxidation 
products. The former is largely used for the cure of amoebic 
dysentery. 

For absorption spectra of iso-quinoline alkaloids cf. DobUe 
and FoXy J, C. S. 1914, 105, 1639. 


D. The Morphine Group of Bases 

The three alkaloids morphine, codeine, and thebaine 
are characterized by containing a phenanthrene nucleus in 
addition to a nitrogen ring. They ar^ all present in 
opium. 

(a) Morphine, Ci^HigOgN, constitutes on the average 10 per 
cent of opium. It crystallizes in small prisms (+H 2 O), melt- 
ing and decomposing at 230°, has a bitter taste, and is a valu- 
able soporific. It is a mono-acid tertiary base, containing two 
hydroxyl groups, one of which is phenolic and the second alco- 
holic. When distilled with zinc dust it yields phenanthrene 
together with pyrrole, pyridine, and trimethylamine. Further 
proof of the presence of the phenanthrene nucleus has been 
afforded by the process of exhaustive methylation. With 
methyl iodide it yields codeine methiodide, formed by the 
methylation of the phenolic hydroxyl group and addition of 
methyl iodide to the tertiary N-atom. This product, with 
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potassium hydroxide, loses hydrogen iodide and yields a 
tertiary base, methylmm'phimethine, which with acetic anhydride 
gives 3-methoxy-4-hydroxy-phenanthrene (methylmorphol) and 
hydroxyethyldimethylamine, OH • CHg • CHg • NMog. Different 
formulae have been suggested by Pschm\ KnorVy Braun, and 
others. Faltis (Arch. Pharm. 1917, 255, 85) gives a critical 
review of the different formulae, and suggests the annexed 
formula (I); 



phenolic group. When oxidized it yields the ketone codeinone, 
and this with acetic anhydride yields hydroxyethyl-methyl- 
amine and 3-methoxy-4:6-dihydroxy-phenanthrene. 

(c) Thebaine (II) is morphine in which both hydroxyls 
are methylated. , (Cf. Freund and Speyer, B. 1916, 49, 
1287.) 

Numerous alkyl derivatives of morphine are manufactured 
and used as drugs in place of codeine. Dionine is ethyl- 
morphine hydrochloride, peronine is benzylmorphine hydro- 
chloride, heroin is diacetylmorphine. 

For synthetical products allied to morphine see Knorr, A. 
301, 1; 307, 171, 187; B. 32, V32. 

(d) C^topine, CoiHggOgN, and protopine, CgoHjgOgN, 
present in small amounts in opium, have been investigated 
by Perkin (J. C. S. 1916, 109, 815), who suggests a formula 
containing a 10-membered ring (IN + 9H) condensed with 
two benzene nuclei for cryptopine, which cannot be resolved 
into optically active modifications. 
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E. Strychnine Bases 

Strychnos nux vomica and certain other beans contain : 

(a) Strychnine, CgiHgaOgNg. This is excessively poisonous, 
produces tetanic spasms, crystallizes in four-sided prisms, 
and yields quinoline and indole when fused with potash, 
j8-picoline when distilled with lime, and carbazole when 
heated with zinc dust. It is a mono acid tertiary base, and 
melts at 284°. (For suggested formula see Perkin and Rohm- 
son, J. C. S. 1910, 305.) 

(h) Brucine, C23H2e04N2, 4 H 2 O, which crystallizes in prisms, 
and is converted into homologues of pyridine on fusion with 
potash. 

F. Solanine and Coca Bases 

Atropine and hyoscyamine are isomeric bases of the for- 
mula Ci^HggOgN, which can be respectively prepared from 
Atropa Bell^onna (Deadly Nightshade) and Datura Stramonium, 
and which are remarkable for their mydriatic action (power 
of dilating the pupil of the eye). 

Atropine crystallizes in colourless prisms or needles melting 
at 115°, possesses an extremely bitter taste, is optically in- 
active, and is hydrolysed by baryta water to d^tropic acid 
(a-phenyl-^-hydroxy-propionic acid, C 0 H 5 -CH(CO 2 H)*CH 2 OH, 
p. 489) and tropine, CgH^gON, and is therefore the tropic ester 
of tropine. The alkaloicf can be synthesised by evaporating a 
dilute hydrochloric acid solution of tropine and tropic acid. 
A complete synthesis of atropine has been accomplished, as 
both tropic acid and tropine have been synthesised. 

When optically active (d- and 1-) tropic^ acids are used, a 
dextro- and a laevo-rotatory atropine result (B. 22 , 2590). 
And if, instead of tropic acid itself, other organic acids are 
employed, homologous bases, the “ ^opeines ”, are obtained ; 
thus mandelic acid yields homatropine, CigHgiNOg, which exerts 
like atropine a mydriatic action, although a less lasting one, 
{Ladenburg, A. 217 , 82; Jowett and Pyman, J. C. S. 1909, 1090). 

Tropine itself is a cycloheptanol with a nitrogen bridge : 

(7) CHg-CH — CH 2 (2) 

I NCH 3 CH-OH ( 8 ) 

(«) CHj-CH — CHj W 

(Willstdtter, B. 1898, 31 , 1538, 2498, 2655). For synthesis 
cf. WiMdtter, A. 1901, 317 , 307; B, 1901, 34 , 129, 3163. 
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It is a tertiary base, crystallizes in plates, m.-pt. 62®, and 
b.-pt. 220°. 

On oxidation it yields the ketone tropinone (I) and then 
tropinic acid, or l-methyl-pyiTolidine-2-caTboxylic-b-(icetic acid. 
Concentrated hydrochloric acid converts it into tropidine (II), 

GHji-CH — CHa CHj-CH — CH, 

(I) I NCH360 (II) I NCH3CH 

CHa-CH — CHj CHa-CH — CHg 

an oily base distilling at 162°, and also obtainable by the 
elimination of carbon dioxide from anhydro-ecgonine. 

Tropinone is readily synthesised from succindialdehyde, 
methylamine, and acetone, or calcium acetonedicarboxylate 
(RoUnsm, J. C. S. 1917, 111, 762). 

Ecgonine, or tropine-carboxylic acid (III), 

CHa-CH — CH-COaH CHa-CH — CH-COjCH., 

(Ill) I NCHaCH-OH (IV) | NCHaCH-O-COCgHs 
CHa-CH — CHa CHa-CH — CHg 

crystallizes with one molecule of water, and may be obtained 
by the hydrolysis of products contained in coca leaves. It 
melts at 198'", and is laevo-rotatory ; and, on warming with 
alkalis, gives iso-ecgonine, which is dextro-rotatory. As an 
alcohol it forms a benzoyl derivative, and as an acid a methyl 
ester. (See Cocaine.) 

Cocaine, or henzoyl-hecgonine methyl ester (IV) is the active 
constituent of the coca leaf (Erythroxylon coca) ; it melts at 98®, 
is laevo-rotatory, and is used in surgery as a local anaesthetic 
for deadening pain. It has been synthesised by benzoylating 
and esterifying ecgonine (B. 1885, 18, 2953). 

Hyoscyamine, which crystallizes in needles or plates, melt- 
ing at 109°, resembles atropine closely, and is readily trans- 
formed into the latter under the influence of various alkalis 
B. 21, 1725, 2777). In contact with water it is slowly 
hydrolysed to /-tropic acid and inactive tropine. Atropine is 
racemic hyoscyamine. 

Various substitutes for cocaine have been recommended, as 
its solutions do not keep well. Willstdtter (B. 29, 1575, 2216) 
obtained an isomeride of ecgonine by the addition of HCN 
to tropinone (I) and subsequent hydrolysis, and from this 
a-oooaine was obtained by benzoylation and esterification. 
a-Gocaine contains both COgMe and COPh groups attached to 
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the same carbon atom and has no anaesthetic promrties. 
a-Euoaine is a cheap substitute for cocaine prepared from 

triacetonamine, addition 

of HCN, hydrolysis, benzoylation of the hydroxy-acid thus 
formed, and final methylation of the imino and carboxylic 
groups. Its structure is: 

N^<CM5‘cH^^^2Me).O.COPh 

(Merlingy 1897). Although more stable and less toxic tKan 
-cocaine, it produces irritant effects when injected, and is now 
replaced by other synthetic products (cf. Chap. LIV, n.). 

Scopolamine or hyoscine, present in Datura meteloides^ is the 
tropyl ester of scopoline, and dihydroscopoline is related to 
tropine ; it contains two hydroxyl groups in position 6 and 7 
and none in position 3 (cf. p. 599). 


XLI. TEEPENES AND CAMPHORS 

For history of terpenes see Tilden, Science Progress, 1911, 
6, 46. Cf. WallacKs “Terpeneand Camphor”, 1909. 

Essential Oils. — Many plants, especially varieties of Conifer® 
and of Citrus, contain, in their blossoms and fruits, oily sub- 
stances to which they owe their peculiar fragrance or odour, 
and which can be obtained from them by distillation in steam 
or by pressure. These oils, “essential oils”, were formerly 
grouped together in a special class, but now they are recog- 
nized as being more or less heterogeneous; thus oil of bitter 
almonds is benzoic aldehyde, and Roman oil of cumin is a 
mixture of cymene and cumic aldehyde, &c. Many of these 
ethereal oils contain unsaturated hydrocarbons, which are usu- 
ally termed terpenes. The common hydrocarbons met with 
have the general formula and are spoken of as terpenes 

proper; but, in addition to these, hydrocarbons, represented 
by the formula CgHg and kno^n as hemiterpenes, exist. The 
commonest of these is isoprene, obtained by distilling caout- 
chouc. Hydrocarbons represented by the formula Ci 5 H «4 are 
termed sesquiterpenes, and the more complex hydrocaroons, 
(CgHo)^, polyterpenes. Certain ethereal oils consist chiefly of 
such nydrocarbons, e,g, turpentine, oil of citron, orange oil, and 
oil of thyme. Other oils contain appreciable amounts of oxy- 
genated compounds, mainly of an alcoholic or ketonic character. 
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t,g, camphor and menthone, pulegone, &c. Many of 

these terpenes and ketones are reduced benzene derivatives, 
t,g, limonene, menthone; others again are more complex ring 
compounds, e,g, pinene and camMor. In addition to these 
two groups of compounds a third OToup has been discovered 
within recent years, namely, open-chain olefinic alcohols, alde- 
hydes, or ketones, t,g. citronellal, geraniol, linalool. 

The terpenes are widely distributed in the vegetable king- 
dom, especially in the Coniferm {Pinus^ Picea^ AhieSy i^c.), in 
the varieties of Citrus, &c. The products which are isolated 
in the first instance from the individual plants, and which 
according to their source are designated terpene, citrene (from 
oil of citron), hesperidene (from oil of orange), thymene (from 
thyme, carvene (from oil of cumin), eucalyptene, olibene, &c., 
have for the most part the formula and approximately 

^qual boiling-points (160" -190°); they are not, however, 
chemical individuals, but mixtures of isomeric compounds. 

With the exception of camphene they are all liquid, but it 
is hardly possible to seoarate them completely by fractional 
distillation (see table, p. 613, for boiling-points). The terpenes 
can, however, be obtained chemically pure from crystalline 
derivatives. Quite recently, numerous compounds belonging 
to this class have been synthesised. 

For simplicity the terpenes and allied oxygen compounds 
(camphors) may be divided into the following groups; — 

A. Open-chain olefinic compounds. 

B. Monocyclic terpenes. 

C. Complex cyclic terpenes. 

Practically all the compounds dealt with in these three 
divisions could have been discussed under the aliphatic and 
cyclic compounds. A clearer view, however, of their relation- 
ships is obtained by bringing them together under the general 
heading of terpenes and camphors. 

A. Open-chain Olefinic Terpenes and Camphors 

Isoprene, the best-known hemiterpene, is a diolefine repre- 
sented by the constitutional formula, CH^jiCMe * 011 : 0112 , 
2-methyl-A^'®-butadiene. It is a colourless liquid, b.-pt. 37 , 
is formed by the dry distillation of rubber, or by decomposing 
turpentine at a dull red heat (cf. StavdingeVy B. 44, 2212). When 
boiled with an alcoholic solution of HCl it is converted into its 
isomeride dimethylallene (CHg) 2 C : 0 : CH^. At 300® it undergoes 
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poljTiierization to diisoprene (probably dipentene), and is trans- 
formed into products analogous to rubber when treated with con- 
centrated hydrochloric acid or metallic sodium, when kept for 
some time or when exposed to sunlight in the presence of traces 
of acid. Two syntheses of isoprene are of interest 

(a) From methyl-pyrrolidine by exhaustive methylation, p. 
588 (Euler, J. pr. [iij, 67, 132): 

CHMe.CHa'^ methylated CHMe.CHj^ * 

— CHj:CH.CHM0.CHo-NMe2 


methylated 


CH,:CH*CHMe.CH,.NMesI 


CH,:CH.CMe:CH2 + NMe, + HL 


(h) From dimethyl-allene by the addition of two molecules 
of hydrogen bromide and subsequent elimination of the same 
(Ipatieff, ibid, 65, 4): 

CMea:C:CH, — CMeaBr-CHa-CHaBr — CHjzCMe.CHrCHj. 

Within recent years isoprene and butadiene derivatives 
generally have received marked attention on account of their 
relationships to synthetic rubber (Chap. LVI). 

Practically all the natural products belonging to this group 
contain oxygen and are either aldehydes or alccmols. 

Citronellal, OHg : CMe.CH 2 -CH 2 -CH 2 .CHMe - CHg-CHO, 
is an example of an olefine aldehyde ; it is present in citronella 
oil and also in lemon-grass oil, together with citral and geraniol. 
It has b.-pt. 205®-208°. Its aldehydic nature ^is proved by the 
readiness with which it is reduced to a primary alcohol, citron- 
ellol, and oxidized to a monobasic acid, citronellic acid, con- 
taining the same number of carbon atoms. By oxidizing its 
dimethyl-acetal, Harries and Schauwecker (B. 34, 1498, 2981) 
obtained a dihydroxy-derivative, thus proving the presence 
of an olefine linking; and on tarther oxidation with chromic 
anhydride they obtained the atetal of a keto-aldehyde contain- 
ing nine carbon atoms, thus proving that the double bond is 
between the last and last but one carbon atoms with respect 
to the aldehyde group: 

CH2:CMo(CH2),.CHMe.CH,.CHO + 40 

= 002 + H20 + 0:CMe(CH,)8.CHMe.CH2.CH0. 

The positions of the methyl groups are proved by the rela- 
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tionship of the aldehyde to isopulegol, into which it is trans- 
formed when kept for some time, or more quickly when heated 
with acetic anhydride at 180'’: 

- CHMe<gg|;^^,^P>CH.CMe:CH^ 

The constitution of pulegol follows from the fact that when 
oxidized it yields isopulegone, and this with baryta is^ trans- 
formed into pulegone by the wandering of an olefine linking. 

Pulegone = CHMe<^;^[f>C:CMe^ 

An interesting reaction of citronellal is its oxidation in 
alkaline solution with perman^nate, when it jdelds acetone 
and j8-methyladipic acid, a result which would lead to the con- 
clusion that the double bond is in position 6:6 with respect 
to the CHO group. 

The only manner of reconciling this reaction with the 
reactions already given is the assumption that in the oxida- 
tion in alkaline solution a wandering of the double bond 
occurs : 

CH,:CMe-(CH^-CHMe.CH,-CHO 

Citral or geranial, OioHi^O, occurs in both oil of lemons 
and of oranges, and may also be obtained by the oxidation of 
geraniol. Lemon-grass oil contains 70-80 per cent. It is a 
colourless oil, and distils at 110°-112® under 12 mm. pressure. 
Its constitution is represented as: 


CH25CMe.CH2-CH2-CH2-CMe:CH.CHO. 

Its aldehydic nature follows from its reduction to geraniol, 
and its oxidation to an acid containing the same number of 
carbon atoms, namely, geranic acid. Its unsaturated character 
and the positions of the double bonds within the molecule 
follow from its general properties, but more especially (a) from 
its products of oxidation, viz. 2-methyl-Ai-heptenone, and carbon 
dioxide, but practically no acetone, pointing to the absence of 
the 0 ( 0113 ) 2 : grouping in the compound; (i) from its conver- 
sion into 2-methyl-Ai-beptenone and acetaldehyde by means 
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of potassium carbonate or 1 per cent sodium hydroxide: 

CHatCMe.CHj.CHji.CHji-CMetCH.CHO 

+ O H, 

= CHj:CMe-CHj-CIL.C:^.(X)Me 
CH3*CH0. 

For some years the methyl-heptonone was supposed to be the 
2-methyl-A2-heptenone, CH3 • CMe : CH • CHg • CHo • COMe. Ver- 
ley has shown that the first product is the compound, 
but that this readily undergoes isomerization when heated 
with dilute sulphuric acid, yielding the derivative (Bull. 
Soc., 1919, 25, 68). As the ketone was originally 'obtained 
by oxidation with dichromate mixture the formation of the 
A2-heptenone is accounted for by the action of sulphuric 
acid on the primary product of oxidation, the methyl A^ hep- 
tenone. When heated with potassium hydrogen sulphate, 
citral is converted into ^-cymene. 

Both citral and geranic acid have been synthesised by 
Barbier and BouveaM (C. R 1896, 122, 393). 2-Methyl-Ai- 
heptenone* reacts with metallic zinc and iodo-acetic acid 
{Beformatsky reaction), yielding the compound : 

/CHa-COoH 

CHa : CMe • CHa • CHg • CHa • C^OZ n I 

With dilute acid this yields the hydroxy-acid: 

CHa : CMe . CHa • CHa • CHa • CMe(OH) . CHa • COaH, 

and when this is distilled with acetic anhydride, water is 
eliminated and geranic acid formed. 

Geranic acid, when reduced in the form of its ethyl ester 
with sodium and amyl alcohol, yields citronellic acid; 

CHa ; CMe • CHa • CHa • CHa • CHMe • CHa • COaH, 

and when ethyl citronellate is reduced with sodium and alcohol, 
the corresponding primary 'alcohol, citronellol, is formed. 
The geraniol group of compounds thus corresponds in struc- 
ture with the citronellol group, except that the former contains 
a second ethylene linking between C atoms numbered 2 and 3 
(p. 607). 

* The methyl-heptenone used was the natural product, and was stated by 
Barbier and BouveauU to be the 2-methyl-A^-heptenone, but according to 
Verity it must be the 2-methyl-A' compound. 
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The citral obtained from lemongrass oil contains 6-7 per 
cent of neral, the aldehyde corresponding with nerol. The 
odour of this resembles that of citral, but is not quite so pleasant. 

Oeraniol, CjoHigO, is the alcohol corresponding with citral, 
and is the chief constituent (90 per cent) of Indian geranium 
oil and of palma-rosa oil, which are largely used for adulterating 
rose oil. Its constitution follows from its relationship to citr^ 
and geranic acid, into which it is readily oxidized. 

By reducing ordinary citral with alcohol and sodium amal- 
gam, two stereoisomeric alcohols, geraniol and nerol, are 
obtained, and these yield citral and neral when reoxidized. 
Both alcohols yield terpineol by the action of acetic acid con- 
taining 1 to 2 per cent of sulphuric acid, but nerol reacts about 
nine times as readily as geraniol. The formation of terpineol 
can be accounted for by the addition and withdrawal of water. 
The two alcohols are represented by the two formulas ; 

Geraniol ... CH2:CMe.[CH2]3.CMe:CH.CH2-OH 
Nerol . . . CMeg : CH • [CHgi • CMe : CH • CHg • OH. 

Geraniol reacts with HI yielding a moniodo derivative, 
CMe2l*[CH2]3*CMe:CH*CH2*OH, which loses HI in contact 
with alcoholic sodium hydroxide, giving a theoretical yield of 
nerol, whose tetrabromide melts at 118 °, whereas geraniol 
tetrabromide melts at 70 °. 

Nerol has a distinct rose-like odour, different from that of 
geraniol. Its structural formula follows from its formation 
from the additive compound of geraniol and hydrogen iodide, 
and also from the fact that the corresponding aldehyde, 
neral, yields acetaldehyde and 2 -methyl -A^-heptenone 
CH3.0Me:CH.CH2.CH2-C0-CH8 when heated with dilute 
alkalis (cf. p. 605 )." 

Linalool or coriandrol is isomeric with geraniol, into which 
it is readily transformed by the action of dilute organic acids. 
It occurs as linalyl acetate in lavender, sage, and coriander 
oils, and is an important odoriferous principle in many 
essential oils. It is opticallj^ active, reacts as a tertiary 
alcohol, and hence is structurally- and not stereo-isomeric 
with geraniol. Its reactions agree best with the formula: 

CHg : CMe • CHg • CHg • CHg • CMe(OH) • CH : CHg, 

and its conversion into geraniol probably depends upon the 
addition and subsequent removal of water, the glycol, 
CH2:CMe.CH2-CH2.CH2-CMe(OH).CH2-CH2-OH, 
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being formed as the intermediate product. Z-Linalool reacts 
with acetic anhydride, yielding nerol, geraniol, and d-teroineoL 
Isolinalool, CMe^ : CH . CHp • CE ^ . CMe(OH) . CH : OH,, is 
formed by the action of alkalis on geraniol trihydrobromide, 
CH3.CMeBr.[CHJ3.CMeBr.CH2.CH2Br. 

Compounds of this type with the carbon system; 


rt 7654821 

g>C-C-C.C-C.C.C 

c 


are readily transformed into derivatives of p-cymene by union 
between carbon atoms numbers 1 and 6, or into tetrahydro- 
benzene derivatives by union of numbers 2 and 7. Examples 
of the first type are (a) conversion of citral into ^-cymene 
(p. 605); (b) conversion of geraniol into terpin or terpineol 
by heating with 10 per cent sulphuric acid. The trihydroxy 
alcohol, 

(CH3)2C(0H) . CHg • CHg • CHg • OMe(OH) . CHg • CH^ ‘ OH, 

is first formed, and ring closure takes place by the elimination 
of H attached to C No. 6 with OH attached to C No. 1. 
Examples of the second type are (a) formation of ionone 
(p. 628); (J) the conversion of geranyl acetate into a 
and P cyclo-geranyl acetates by boiling with 10 per cent 
sulphuric acid: 



or similarly the conversion of citral into a and jS cyclocitrals, 
corresponding in structure with the a- and /3-cyclogeraniols. 


B. Monocyclic Terpenes and Camphors 

1. Terpenes. — These compounds are to be regarded as hydro- 
derivatives of cymene (p. 376). Their close relationship to 
cymene can be shown in very different ways: e.g, (a) the 
hydrocarbon terpinene when heated with iodine is transformed 
intop-cymene, i.6. |>-methyl-isopropyl benzene; (6) the ketone 
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oarvone when heated with mineral acids yields carvacrol, ue. 
l-methyl-2-hydroxy-4-isopropyl benzene (p. 442) ; (e) on oxi- 
dation many terpenes yield terephthalic acid; (d) when bro- 
minated and then reduced many monocyclic terpenes yield 
benzene hydrocarbons (B. 1898, 31, 2068). 

The unsaturated nature of these compounds follows from 
the readiness with which th^ form additive compounds; they 
yield dihydroohlorides, Ojg&oOlg, tetrabromides, CipH,.Br 4 , 
nitroso-chlorides, 0 ^^e(NOC!l) 2 , nitrosites, CioHig(NO)(N 02 ), 
and nitrosates, OioHieN2®4- ese compounds are of con- 
siderable importance, as most of them are well-defined crystal- 
line compounds with definite melting-points, and can therefore 
be made use of in separating and identifying the various 
liquid terpenes. The nitroso-chlorides were first prepared by 
TUden (J. C. S. 1877, 564), by the direct action of nitrosyl 
chloride, but are now usually obtained by WalhcKs method, 
viz. by the action of a mixture of ethyl nitrite, acetic and 
hydrochloric acids on the hydrocarbon. The nitrosites are 
usually obtained by the action of sodium nitrite and acetic 
acid on the hydrocarbon, and the nitrosates by the direct 
addition of nitric peroxide or by the action of amyl nitrite 
and concentrated nitric acid. 

An interesting group of compounds are the nitrolamines, 
obtained by the action of amines (piperidine or benzylamine) 
on the nitroso-chlorides. They contain the NHB-group in 
place of the chlorine of the nitroso-chlorides. Such com- 
pounds crystallize well, and can be used for identifying the 
various terpenes. 

All these reactions point to the presence (a) of a six- 
membered carbon ring in the monocyclic terpenes; {b) to the 
presence of two side cnains, usually in impositions, one consist- 
ing of the GHg-group, and the second containing the grouping 

— 0<^q; (c) to the presence of two double bonds in the mole- 
cule. These may be both in the carbon ring, or one in the 
ring and one in a side chain, e.g,: 


I 




(XCH^ CH2.C:CH, 
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Fourteen such isomerides are theoretically possible. The 
earbon atoms are usually numbered as follows: 



The saturated compound ®10®20» viz. p-methyl-isopropyl- 
hexamethylene, is called terpane**^, and the compounds C 10 H 10 
are terpadienes. 1 is A-1 : 4-terpadiene, 11 is A-1 : 4 (8)-ter- 
padiene, and 111 A-1 : 8 (9)-terpadiene. 

The double linking in No. li between a carbon atom in the 
ring and a carbon of a side chain is termed a semicyclic linking. 
Such an unsaturated linking is quite stable under the influ- 
ence of heat, but in the presence of acids it wanders into 
the nucleus, e,g. A^<^) jp-menthene is readily transformed into 
A* p-menthene. 

A few of the terpenes contain the methyl- and isopropyl- 
groups in the meta positions, e.g. sylvestrene; such com- 
pounds are termed T^i-terpadienes. 

The nitroso-chlorides are frequently colourless, and then ap- 
pear to be bimolecular; some give blue solutions containing the 
monomolecular form. Compounds with a semicyclic linking 
yield unimolecular blue nitroso-chlorides volatile 
with steam. The blue compounds are true nitroso-compounds. 
When the NO-group becomes attached to ^CH it usually 
passes over into the isonitro-group ^C:N*OH, and the com- 
pound becomes colourless. 

The following hydrocarbons belong to this group: — 

Dipentene, A-1: 8 (9)-terpadiene or inactive limonene (see 
formula III; for constitution cf. B. 1895, 28, 2145; 1898, 31, 
1402; 1900, 33, 1457). It occurs together with cineol in Oleum 
tincBy and is prepared by heating pinene, camphene, sylvestrene, 
or limonene to 250°-270° for several hours, and also by the 
abstraction of hydrogen chloride from its dihydrochloride. It 
is further produced from pinene under the influence of dilute 
alcoholic sulphuric acid, from terpin hydrate and terpineol by 
the elimination of water, by &e polymerization of isoprene, 
and, together with the latter sul»tance, on distilling caout- 
chouc. Its formation from isoprene, CHg : C(CH 3 ) • CH : CHg, by 
heating at 300^ is a synthesis, since isoprene has been synthe- 
sised (p. 602). It is a liquid of pleasant odour like that of oil 

* The name menthane is aometimes naed for this hydrocarbon and 
menthadienea for the terpadienea, 

( B 4S0 ) 


21 
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of citron, boils at 175°~176®, and is more stable than pinene, 
although it can still be transformed into terpinene by acids. 
It readily forms dipentene dihydrochloride with hydrochloric 
acid, and with bromine a crystalline tetrabromide melting at 
125®. Its (inactive^ nitroso-chloride yields, by the elimination 
of hydrogen chloride, the so-called nitroso-dipentene (inactive 
carvoxime), melting at 93°. 

fl?-Limonene, hesperidene^ dtrene^ or carvene. The oil of the 
orange rind consists almost entirely of dextro-limonene, which 
is also the chief constituent of carvene, oil of dill, oil of eri- 
^6ron, &c.; oil of citron consists mainly of 6i?-limonene and 
pinene. It boils at 175°, and forms a dextro-rotatory tetra- 
bromidej CigH^^Br^, which melts at 104°. The dextro- and 
IsBVO-tetrabromides are identical, except that their crystals are 
the mirror images of one another. Dextro-limonene is very 
readily racemized to dipentene. 

/-Limonene is present together with laevo-pinene in the oil 
of fir cones. 

Ir and c?-limonenes yield nitroso-chlorides, CigH^gNOCl, of 
corresponding rotatory powers; and, on the elimination of 
hydrogen chloride from these, Z- and d-nitroso-limonenes, 
CiqHijNO, which are identical with the carvoximes. 

The conversion of geraniol into dipentene by means of 
formic acid, 


^^^3Xn.PH x'CHg.CIIsX 

G.Ci 


HO-CHg-CH^ 


^ Dipentene, 


is a simple case of dehydration and ring closure. It is interest- 
ing to note that the terpene present in natural essential oils 
rich in geraniol or citrol is limonene or dipentene. 

Dipentene readily combines with hydrogen chloride, yielding 
a dihydrochloride, CiQH^oClg, ^hich melts at 50°. The same 
compound is also formed by the action of hydrogen chloride on 
limonene or on pinene, and when left in contact with aqueous 
alcohol yields terpin hydrate, CioHij)(OH)3 (cf. p. 616), in the 
form of large rhombic crystals melting at 117°. 

Terpinene, probably ^-\\Z4erpadiene^ is one of the most 
stable of the terpenes. It may be obtained by the action of 
^ilqoholic sulphuric acid on dipentene, or on other compounds 
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which yield dipentene as an intermediate product, e,g, by 
shaking pinene with concentrated sulphuric acid, or by boiling 
terpin hydrate with dilute sulphuric acid. It boils at 179°- 
181°, is optically inactive, and most of its derivatives are oils, 
with the exception of the nitrosite, which melts at 155°. 

Terpinolene, A-l:4 {d>)-terpadiene, is formed when terpineol 
is boiled for a short time with oxalic acid solution. It boils 
at 183°-185° and is readily transformed by acids into ter- 
pinene. It forms a blue nitroso-chloride. 

Sylvestrene, Carvestrene^ A-l:8 (9)-7n-terpadiene^ b.-pt. 175°, 
is the chief dextro-rotatory constituent of Swedish and Eussian 
oil of turpentine. It is one of the most stable of the terpenes, 
and gives a magnificent blue coloration with acetic anhydride 
and concentrated sulphuric acid. The CHg and CgHj substi- 
tuents are in the m-positions, as treatment with bromine con- 
verts it into mrcymenQ. 

It has been synthesised from m-hydroxybenzoic acid by 
Perkin and Taitersall (J. C. S. 1907, 480) by reducing to its 
hexahydro derivative, oxidizing to y-ketohexahydrobenzoic 
acid, and proceeding as in the synthesis of terpineol. 

The constitution of dipentene is derived from its relation- 
ship to terpineol (p. G14) from which it is obtained by the 
elimination of water. It molecular rearrangement does not 
occur during this reaction, it is clear that dipentene must have 
a constitutional formula corresponding with I or II: 

CMe<^^;g|j|>CH.C(OHXCH,), 

Terpineol 

^^CMe<CH:CH^.O(CH^ 1 

''^CMe<^g^;^g*>CH.(XCHs):CH, II 

Formula I is not asymmetric, and therefore cannot represent 
the molecules of d- and Z-limonenes and of dipentene; formula 
II, on the other hand, contains an asymmetric carbon atom, 
the one indicated by an asterisk, the molecule is asymmetric, 
and can form and r-modiflcations. 

The correctness of formula II is confirmed by a study of 
some of the reactions of dipentene. 

Dipentene forms a nitroso-chloride (colourless), and this 
with alkalis gives the oxime of carvone. The oxime when 
hydrolysed yields carvone, and this on reduction yields dihy- 
drocarveol, a secondary alcohol formed by the addition of two 
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atoms of hydrogen to one of the ethylene linkings and two 
atoms of hydrogen to the carbonyl group. Dihydrocarveol 
when oxidized yields a ketonic alcohol, OH3 *CqH 9(OH)*CO» 
CHg, proving the presence of the •C{CH3):CH2 group in dihy- 
drocarveol, carvone, and dipentene. 

Terpinolene is also formed from terpineol by the elimina- 
tion of water, and should therefore be represented by formula 
No. I, a formula which is in harmony with the inactivity of 
the hydrocarbon. The stable terpinene most probably con- 
tains conjugate double bonds, and, as it is formed from ter- 
pinoline by the action of acids, it is A-1 :3-terpadiene. 

Phellandrene. — Three isomeric phellandrenes exist in nature: 
d-a-phelkindrene in oil of bitter fennel and in elemi oil, Z-a-phel- 
landrene in Australian eucalyptus oil {Eucalyptus amygdalina), 
and d-)8-phellandrene in water dropwort (Phellandrium aquor 
ticum). The d- and Z-a-phellandrenes are optical antipodes, 
and are both A‘l:b4erpadienes. The b.-pt. is 62712 mm. It 
is transformed into terpinene by the action of acids, and its 
dibromide with alkalis yields cymene. This constitution fol- 
lows from the fact that nitro-a-phellandrene, when carefully 
reduced, yields active carvotanacetone, A-5-terpene-2-one, and 
has been confirmed by the synthesis of a-phellandrene from 
4-isopropyl-A2-hexen-l-one (A. 869 , 285) : 


and also by its synthesis from carvone (p. 614). 

Carvone — *• carvone hydrobromide — ♦ A6-terpen-2-one — ► 

HBr • reduced FCI5 

6-chloro-A-l:6-terpadiene a-phellandrene. 

reduced 


^-Phellandrene is A-2 : 1 {lyterpadiene. It has boiling-point 
57711 mm., yields two nitrosites, melting-points 97° and 102°. 
Its constitution is based on the fact that it is oxidized by 
atmospheric oxygen to 4-isopropyl-A-2-hexen-l-one (A. 343 , 29), 
and on its synthesis from carvoae (J. pr. 72 , 193; 76 , 141). 
Carvone — ► carvomenthol (terpane-2-ol) — ► A-l-terpene 

reduced dehydrated bromine 

terpenedibromide — > ^-phellandrene, or from 4-isopropyl -A 2- 

alc. potash 

cyclohexene-l-one by condensing with ethyl bromoacetate and 
zinc, and finally eliminating CO2 and H^O. 

>C:0 — >C(0H).CH2.C02H >C:CHa. 
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Menthene, obtained from menthol by the elimination of 
water, is A-3-terpene; when oxidized it yields a glycol, which 
on further oxidation gives )8-methyladipic acid: 





It has been synthesised by fFallach (B. 39, 2604^ by con- 
densing l-methylcyclohexan-4-one with ethyl a-oromoiso- 
butyrate and zinc, hydrolysing and eliminating COj and 
water. 

A synthetical terpene or dihydro-cymene boiling at 174° has 
been prepared from succinylo-succinic ester (pp. 367, 497) 
(B. 26, 233). It shows the complete terpene character. 

Most of these terpenes undergo oxidation on exposure to 
moist air, ie, they undergo autoxidation. Thus limonene 
yields carvone, carveol, and other products (B. 1914, 47, 2623). 


SUMMARY OF DERIVATIVES 


Boiling. 

point. 


Limonene 175^ 

Dipentene 176® 

Terpinolene . . . i83®-185® 

Terpinene 179®-181® 

Phellandrene.. 171®-172® 

Sylvestrene.... 176® 


Teti-a- 

bromide. 

H.>p. 

Dihydro* 

ohlorldQ. 

M.-p. 

Nltroiite. 

M.-P. 

104® 

60“ 

• •• 

126® 

60“ 

••• 

116® 

• •• 


oil 

oil 

163“ 

oil 

oil 

106" 

136® 

72® 

... 


II. Camphor Compounds. — ^Alcohols and Ketones. 

Menthol, ^4erp(mol, mint camphor, 

The ^modification is the chief constituent of oil of pepper- 
mint. It melts at 43°, has a strong odour of peppermint, and 
is used as an antiseptic and ansesthetic. When heated with 
copper sulphate it yields cymene, when reduced with hydriodic 
acid, hexahydrocymene, and on oxidation with permanganate 
it yields ^-methyladipic acid, and several fatty acids. As 
the formula contains ^ree asymmetric carbon atoms, several 
stereo-isomerides are possible. 

The corresponding ketone menthone, Z-Urpanone, Cj^HigO, 
is obtained when the alcohol is oxidized with dichromate 
{Beckmann^ A. 1891, 262, 31), and also occurs in oil of pepper- 
mint It boils at 207°, ana has the characteristic properties 
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of a ketx)ne; its semicarbazone melts at 184°. It is readily 
converted into thymol ( 1 -methyl-3-hydroxy-4-isopropyl-ben- 
zene) by bromination and elimination of hydrogen bromide, 
and when oxidized yields )8-methyladipic acid. Hence follows 
the constitution, which is supported by its synthesis by the 
distillation of calcium ^-methyl-a-isopropylpimelate {Kotz and 
Schwarz^ A. 367, 206): 


CH,*CHMe . CHj.COO. 
CHg . CHCCjHy) . COO— ^ 


CHj.CHMe — CH, 
CH,.CH(C8H7).C0. 


An unsaturated ketone — pulegone, A-4 {^yterpe/nirZ-om^ may 
1)6 obtained from oil of pennyroyal. It is isomeric with ordi- 
nary camphor, and on reduction yields menthone. Its con- 
stitution follows from the fact that when heated with water it 
yields acetone and methylcyclohexanone. 

Isomeric with menthol is carvomenthol or terpan&-2-ol 
Garvone, A-6:8 {^)4erpadiene-2-one^ is the chief constituent 
of oil of carraway seeds, and is widely distributed in the 
vegetable kingdom. It is a liquid, distils at 228°, exists in 
r:?-and /-modifications, and has the properties of an unsaturatcd 
ketone (cf. A. 1897, 297, 122). With hydroxylamine it yields 
carvoxime, which is identical with nitroso-limonene. When 
heated with phosphoric acid carvone yields carvacrol. 

Terpineol, does not occur in large quantities 

naturally, but is obtained readily from natural products, e.g, by 
the action of dilute potash on limonene hydrochloride, or by 
the hydration of pinene hydrate. It has m.-pt. 37°, b.-pt. 218°, 
and [aji)— 106°. When treated with dilute acids it can give 
(lipentene, terpinolene, terpinene, terpin hydrate, cineol or 
cymene, according to the conditions. Its constitution is of 
importance, as those of several terpenes are deduced from that 
of terpineol. The constitution is based on (1) examination of 
its decomposition products, (2) its synthesis. 

By means of dilute permanganate two hydroxyls are added 
to the double bond, and 1 :2:8-trihydroxyterpane (trihydroxy- 
hexahydro-/?-cymene) is formed, and this on further oxidation 
yields a ketolactone, homoterpe^ylic methyl ketone (by the 
fission at C atoms 1 «.nd 2), which can be oxidized to acetic 
and terpenylic acids. The constitution of the latter has been 
proved to be: 

CH(CH,.C02H).CH3 
CO 
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from its method of synthesis (Simonserif J. C. S. 1907, 184), 
m 8 PM. ^CH(CH2.CH2.C0.CH3).CH2 s 

Homoterpenylic methyl ketone must have the formula I, 
and hence the l:2:8-positions of the three hydroxyl groups in 
the first oxidation product, and the A-1 -position of the ethylene 
linking and position 8 of the hydroxyl group in terpineoi. 

Its synthesis {Perkin, J. C. S. 1904, 654) is from 8-keto- 
hexahydrobenzoic acid (8 -keto- cyclohexane -carboxylic a(5id). 
The ester of this acid reacts with magnesium methyl iodide, 
and then with water, yielding: ^ 

0H-CMe<^22;^2>CH-C02Et. 

By the action of fuming hydrobromic acid the hydroxyl is 
replaced by bromine, and then by the action of pyridine hy- 
drogen bromide is eliminated and A-3-tetrahydro-^-toluic acid 
is formed. The ethyl ester of this acid reacts with magnesium 
methyl iodide, and then with water, in the normal manner, 
yielding the tertiary alcohol, inactive terpineoi: 

CMe<gg;gi^CH.CO,Et-CMe<gg;gg*>CH.CMe,.OH, 

and by the elimination of water dipentene was obtained. 

This method of synthesis has been extended by Perkin and 
his students to a large number of cases, and they have obtained 
alcohols and unsaturated hydrocarbons analogous to the natural 
products, but which, so far, have not been obtained naturally. 
From A-l-tetrahydro-j3-toluic acid, A-3-jt?-terpfen-8-ol, and A-1: 8 
(9) terpadiene. From hexahydro-(?-toluic acid, compounds simi- 
lar to terpineoi and dipentene were obtained, but with the 
substituents in o-positions. From hexahydrobenzoic acid a 
compound was obtained analogous to dipentene, but without 
the methyl substituent in position 1. By using optically 
active A-l-tetrahydro-jt?-toluic, acid, an active alcohol and ter- 
pene were synthesised. (J. C. S. 1905, 639, 655, 661, 1067, 
1083; 1906, 832, 839; 1908, 573, 1871, 1876; 1910, 2129, 
2147; 1911, 118, 518, 526, 727, 741. For another method of 
synthesis of hydrocarbons allied to terpenes cf. Haworth and 
Fyfe, J. C. S. 1914, 1659.) 

Tejrpin., p-ierpa-l :S-diol, has been synthesised by the action 
of magnesium methyl iodide on both carbonyl groups of ethyl 
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cyclohexanone-4-carboxylate {Kay and Perkin^ J. C. S. 1907, 
372), and is also formed by boiling terpineol with dilute sul- 
phuric acid. It exists in two stereoisomeric modifications, cis 
and trans. The cis is the common form, and combines with 
water to give terpin hydrate, C 10 H 22 O 3 , 

(CH3)2C(0H)-CH2.CH2-CH2-C(CH3X0H).CH2-CH20H, 

which forms well-developed crystals, m.-pt. 116®. When de- 
hydrated the terpins yield terpinene, terpinolene, terpineol, 
and oineol (p. 627). 

C. Complex Cyclic Terpenes and Camphors 

The compounds belonging to this group are bicyclic, i,e, the 
molecule is built up of two rings, ^nzene or reduced ben- 
zene derivatives containing a diagonal linking in the m- or 
^-position (examples I and II) are bicyclic, also the com- 
pounds which can be regarded as derived from a single ring by 
the introduction of a bridge consisting of one or more carbon 
atoms (examples III, IV, and V). For systematic nomen- 
clature cf. Baeyer, B. 33, 3771; Grignardy Bull. Soc., 1912, 11, 
124; Behaly ibid. 264; Buchner and Weigandy B. 1913, 46, 2108. 


ID 


0 ‘“(D 


(m) c 


hD 


(V) 


I. Terpenes. — a-Pinene, is the chief constituent of 

German and American oil of turpentine, oil of juniper, euca- 
lyptus, oil of sage'J &c. It forms, together with ^-pinene, sylves- 
trene, and dipentene, Russian and Swedish turpentine oil 
Oil of turpentine is obtained by distilling turpentine, the 
resin of pines, with steam, colophonium (fiddle resin) remain- 
ing behind. It is a colourless, strongly refracting liquid of 
characteristic odour, almost insoluble in water, but readily 
soluble in alcohol and ether. It dissolves resins and caout- 
chouc (being therefore used for the preparation of oil paints, 
lakes), also sulphur, phosphorus, &c. Pinene absorbs oxygen 
from the air with the formation of HoOg and production of 
resin, minute quantities of formic acid, cymene, &c., being 
formed at the same time. Dilute nitric acid gives rise either 
to terephthalic acid in addition to fatty acids, or — under other 
conditions — to terpenylic acid (p. 614), C 8 H 12 O 4 (which belongs 
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to the fatty series). Heating with iodine transforms it into 
cymene, the action being violent. It acts as an antiseptic, 
and arrests the secretions {e,g, that of the kidneys). 

It exists in three stereoisomeric modifications: e^pinene or 
australene occurs in large quantities in German, Eussian, and 
Swedish oils; 2*pinene or terebenthene in French tur^ntine 
oil; ^{-{-pinene is obtained by heating pinene nitroso-cnloride 
with aniline: 



[<*]?* 

B.-pt. 

djr 

d 

.«•* *4-46'’ ••• 

... 166" .... 

... 0-858 

1 

.... — 43'4* ... 

... 166° ... 

... 0-868 

d4 

0° 

... 166" ... 

... 0-868 


Pinene has all the characteristic properties of an unsaturated 
compound. It forms a nitroso - chloride NOCl) 2 , 

colourless crystals melting at 103'^, which is used for isolating 
pinene from mixtures; also a hydrochloride, a 

white crystalline solid melting at 131°, with a camphor-like 
odour, hence the name “artificial camphor”. This is in- 
soluble in water, but readily soluble in alcohol, and if hydro- 
gen chloride is eliminated by weak alkali, e.g, by heating it 
with soap or with silver acetate, camphene is obtained. It is 
identical with bornvl chloride, and on oxidation yields cam- 
phoric and apocamphoric acid. It is probable that by conver- 
sion into the hydrochloride an intramolecular rearrangement 
has taken place, as indicated by the following formulae: 



CH 

Pinene 


CMe 

CH 

Intermediate 

Product 


CMe 

ClHC;^ I 

.1 CMe, 1 

HaC^ I ^CHa 

CH^ 

Pinene 

hydrochloride 


The presence of a double bond in the pinene molecule is 
indicated by the formation of dibromides, an oil and a solid 
melting at 169°, and also by the formation of a glycol, pinene 
glycol, CiqH^^(OH) 2 , by the action of dilute permanganate. 

The constitution of pinene is based largely upon that of 
pinole, a pn; iuct obtained by uie elimination of 

water from mWoI, CjoHig^OH),, which is formed when pinene 
is left exposed to sunlight in contact with air and water. With 
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jilute permanganate, pinole, which is an unsaturated ether, 
yields pinoleglycol, CiqHjgO(OH)o, and this on further oxida- 
tion yields a tetrahydric alcohol, "sobrerythritol, CMOR). 
which can be oxidized to terpenylic acid. Pinole presumably 
contains the same grouping of carbon atoms as terpenylic ao>d 
(see p. 614), and should be either: 


CH = CMe--CH 


(T 


(T 

dMe, 

or 

C^e, 

JH,— dH — ( 

:)H, ( 

IH,— — ( 


Sobrerol would then be: 
CH== CMe CH . OH 




(!;Me,‘OH I 

iHj— (in CH, 


CH, 


or 


CHj— CMe=C.OH 
II I (l!Me,.OH I 
CHo — (! jH CH, 


but since sobrerol on further oxidation yields a tetrahydric 
alcohol and not a dihydroxy-ketone, formula I is correct, and 
the formula on p. 617 follows for pinene (JVagner). 

When boiled with dilute acids pinene yields terpineol or its 
estei-s; such a transformation is explicable if the assumption 
is made that the four-membered ring is unstable, and that a 
rupture between the OMe^ and upper CH-^oup occui*s. A 
similar rupture, accompanied by the wandering of a chlorine 
atom, occurs in the transformation of pinene nitroso-chloride 
into hydrochlorocarvoxime under the influence of hydrochloric 
acid. t 

When pinene is oxidized with permanganate the double link- 
ing is broken and a monobasic ketonic acid, a-pinonic acid, 


CO,H . CH, . CH<^^^!>CH • CO • CH 

is formed, and this on further^ oxidation yields the dibasic 
acid pinic acid, 

CO,H . CH, • CH<^^^>CH . CO,H, 

fi*om which norpinic acid, l:l■•^^fTn^/Ay^cycfoZ>t4ten^2:4-dta^r^ 
horylic add, can be obtained {Ba^er, B. 29, 1907), indicating 
that the four-membered ring is stable in the presence cn 
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oxidizing agents, although readily ruptured by hydrolysing 
agents, e,g, pinonic acid yields when hydrolysed a lactone, 
homoterpenylic methyl ketone (cf. p. (114). 


OH.co.cn,.cH<^^®»^CH-cocnj 

>CH.CH,.CH,-CO.CH, 


The only reactions of pinene difficult to account for by 
means of Wagner^ s formula are its oxidation to isoketocam 
phoric acid, isocamphoronic acid, and terebic acid (Tiemann 
and Semmler^ B. 29, 629, 3027; Perkin^ Proc. 1900, 214). 

The isomeric /i^-pinene (nopinene) occurs in many turpentines, 
e.g, French oil, 37 per cent. It is characterized by the readi- 
ness with which it is oxidized to nopinone (C:CH 2 replaced 
by C:0). Its structure as a-pinenc, in which the olefine 
linking in the ring has become replaced by a semi-cyclic 
olefine linking between carbons 1 and 7, follows from its 
synthesis from nopinone and ethyl bromoacetate (cf. /J-phel- 
landrene, p. 612). 

Bornylene is obtained by the action of alkalis on bornyl 
iodide (from pinene and hydrogen iodide), and as it is readily 
oxidized to camphoric acid it is represented by formula I. 

The corresponding saturated hydrocarbon camphane, CiqHjg, 
the parent substance of the camphor group, is obtained by 
reducing bornyl iodide. It melts at 154°, and is optically 
inactive; its molecule should therefore be symmetrical. 

CHg • CMe . CH CHg • CMe • CO CHg • CMe • COgH 

I I CMsj I II I CMe^ I III I CMe^ 

CHj-CII— OH CHjj.CH— CHj OHj-CH-OOgH 

Bornylene Camphor Camphoric acid. 

Camphene, d and I, is a solid, m.-pt. 50°. It can be obtained 
from pinene by combining with hydrogen chloride, forming 
bornyl chloride, and then removing hydrogen chloride by 
means of alkalis. For some years it was represented bv 
formula I, but it does not yield camphoric acid when oxidized. 
Harries and Palmen (B. 1910, 43, 1432) have shown that it 
forms an ozonide when its acetic-acid solution is saturated 
wdth ozone, and that this when warmed yields a mixture of 
camphenilone (30 per cent) (IV), and ti-hydroxy-camphenilic 
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CMe3.CH.CHj 

IV I CH3 I 
CO — CH.CHj 


CMeg.CH.CHa 

VO CHa I 

CO — CH.CHo 


CMe3.CH.CH3 
VI I CHa I 
CHaiC CH.CHa 


acid lactone (50 per cent) (V), and they therefore favour 
Wagner's formula VI for camphene. 

The formation of camphene from bornyl chloride must 
involve rearrangements within the molecule. Meerwein (A. 
1914, 406, 129) represents the change as follows: — 

(P) 

(a) /'C(CHs)\(c) CXiCHaK CHg.CH.CMeg 

CH2 [ CH.OH CHa— 

j 6Mej I — - > 1- 

CHjs -CH CHj 


-CH 


or 


I CHa I 

CHa.CH.CrCHa. 


I CMca I 

CHa.CH CHa 

The change thus consists in a fission between C atoms a and 6, 
and subsequent union between C atom a and the C atom c 
to which the OH group of borneol was attached. 

The molecular refraction {AuwerSy A. 1912, 387, 240) also 
a^ees with Wagner's formula, as does its oxidation to cam- 
phenilone (oxidation of OrCHg to CO) and the formation of 
camphenilone by distilling lead camphenate. Camphenic acid, 
3-carboxy-cyclopentane-l -iso-butyric acid, has been synthesised 
by Lvpp (B. 1914, 47, 871) from ethyl cyolopentane-l-one-S- 
carboxylate and ethyl a-bromoisobutyrate in the presence of 
zinc; then eliminating water from the hydroxy ester, and 
reducing the resulting unsaturated ester with hydrogen and 
platinum black. 

CH-.CHo. CHo.CHo. 


COaEt.CH .CHa^ 


COaEt.CH 
CHa.CH 


•CHa- 


COoH.CH .CH 


;^CH.CMe2-C03H. 


The reactions of camphene and bornylene with ethyl diazo- 
acetate confirm the formulae I and VI. The normal reaction 
with unsaturated compound is for nitrogen to be eliminated 
and the formation of a cyclopro^ne ring between the C atom 
of the CHg group of the diazo ester, and the two C atoms 
united by the olefine linking. Camphene, if represented by 
formula VI, should thus give a compound containing the 
CHg • C < 

grouping, \ / , and this on final oxidation should 

^ ® CH.COaH 

yield l:l:2-cyclopropanetricarboxylic acid, whereas if it has 
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the structure represented by formula I, originally attributed to 
camphene but now assigned to bornylene, it should yield as 
final oxidation product 1 : 2 : 3-cyclopropanetricarboxylic acid. 
In reality it has been found that camphene gives the 
1 : 1 : 2-tricarboxylic acid and bornylene the isomeric 1 :2:3-acid. 
(Buchner and fFeigand, B. 1913, 46, 759, 2108.) 

Sabinene occurs in marjoram oil; it has b.-pt. 163°“165° 
and [a]^ + 80°. It forms a hydrochloride and a nitroso- 
chlonde; when oxidized it yields a ketone by the replacement 
of CHg by O, and therefore probably contains a methylene 
group attached to the nucleus. It also probably contains 
a three-membered ring and is represented as • 
.CPr.CH,— 

*^CH-C(:CH2) 

The tri-ring is readily ruptured, as sabinene and its deriva- 
tives can be transformed into terpinene and related hydroxy 
compounds, a and /? Thujenes, CioH^g (Tschugaeff, B. 34, 
2279; 37, 1481), also contain a tri-ring and a double linking 
in positions 1 and 3 respectively. 

II. Camphors. — The most important variety is: 

Common or Japan camphor, which is found in 

the camphor tree (Lauras camphora\ and can be obtained 
from the latter by distillation in steam. It forms colourless, 
transparent, glistening prisms of characteristic odour. It melts 
at 175°, boils at 204°, has a sp. gr. 0*985, and can be sublimed 
readily. It is dextro-rotatory in alcoholic solution, the amount 
of rotation varying with the source of the camphor. When 
distilled with phosphoric anhydride it yields cymene; zinc 
chloride at high temperatures also transforms camphor into 
cymene, though in the latter case the reaction is less simple: 

CjoHieO = CjoH^ + HA 

When heated with iodine it yields carvacrol, f.e. hydroxy- 
cymene (p. 442), just as oil of turpentine yields cymene. Nitric 
acid oxidizes it to the dibasic camphoric acid, C3Hi4(C02H)2, 
which somewhat resembles pllthalic acid (see B. 38 , 218), and 
then to camphoronic acid, unsym. trimethyl-carballylic acid, 
&c. Camphor reacts with hydroxylamine to produce cam- 
phor-oxime, GinHig(NOH), and therefore contains a carbonyl 

g roup, and with nitrous acid to produce isonitroso-camphor, 
joH, 40 :N*OH, and thus contains the g^oup -CHg-CO. 
Tne oxime by the loss of water is converted into the cyanide, 
CgHig-CN, which yields campholenic acid, CgHig-COgH, on 
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saponification, and camphylamine, C 9 Hi 5 (CH 2 • NHj), on 
reduction (B. 21, 1126). 

A consiaerable amount of attention has been devoted by 
various chemists to the question of the constitution of cam- 
phor {Lapworth, B. A Report, 1900, 299). At first, great im- 
portance was attached to the readiness with which camphor 
can be transformed into benzene derivatives, e.g, cymene and 
carvacrol, and attempts were made to represent it as a simple 
six-carbon ring compound, e,g, KehilL 



whereas others represented it as a bridged six-carbon ring. 
In 1893 Brtdi suggested the formula II (p. 619), which is now 
generally accepted, and which has been confirmed recently by 
the synthesis of camphoric acid. Bredt drew especial atten- 
tion to the oxidation products of camphor, namely camphoric, 
camphoronic, and trimethyl-succinic acid previously obtained 
by Koenigs. He showed that camphoronic acid when heated 
gave trimethyl-succinic, isobutyric, and carbonic acids and 
carbon, and suggested the formula C 02 H*CH 2 *CMe(C 02 H)- 
CMe 2 *CO^H, viz. a-a-j8-trimethyl-carballylic acid, a consti- 
tution which has since been confirmed by W. H. Perkin and 
Thorpes synthesis (J. C. S. 1897, 1169). This consists in 
condensing ethyl acetoacetate and ethyl a-brorao isobuty- 
rate by means of zinc to ethyl yS-hydroxy -a-a-^-trimethyl 
glutarate : 

CBrMej.CXDaEt CMeg-COjEt 

CHs . CO -‘CHa • COaEt OH • CMe • Cl l.^ • COgEt 

The OH group is replaced by Cl, and this by CN, and the 
cyano-ester when hydrolysed yields camphoronic acid ; 

CMea-COjEt CMca-COaH 

CN • CMe; CHj • COjEt COall • CMe - CHj • COjai. 

The relationship between camphor and its oxidation products 
is thus simple, as shown by the following scheme : — 

CHj-CMe.CO CHj.CMe.CX),H(/J) CH,— CMe,-00^ 

I CMe, I — j CMe, — I CMe, 

CH,.CH— CH, CH,-CH— CO,H(o) a),H 6o,H 

Camplior Camphoric acid Camphoronic acid. 
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Camphoric acid has been synthesised by Komppa (B. 1901, 
34, 2472; 1903, 36, 4332; J. C. S. 1911,99, 2010). Ethyl 
oxalate and ethyl /^^-dimethyl-glutarate condense in the 
presence of sodium ethoxide, yielding diketo-apocamph orate : 

H.CH.COoEt CO-CH-COjEt 

CO-OEt • I • 

CO-OEt'^ =2EtOH+| CMe, 

H . CH . COgEt CX) • CH . OOgEt. 


This is methylated by means of sodium and methyl iodide, 
and the ethyl ester of diketo-camphoric acid thus obtained, 

CO-CH-COaEt 
I CMej 
CO.CMe.COaEt, 


may be reduced with sodium amalgam to dihydroxy-camphoric 
acid; and this, in its turn, with phosphorus and hydriodic 
acid to dehydro-camphoric acid, 

CH-CH-COgEt 
I CMea 
CH.OMe.COgEt, 


which combines with hydrogen bromide; and the ^-bromo- 
camphoric acid thus obtained, Avhen reduced with zinc and 
acetic acid, yields the racemic modification of camphoric acid. 

Camphor can bo synthesised from camphoric acid by th^ 
following series of reactions {Haller^ C. R. 1896, 122, 446): 


CJIh<co> 

Cainpholic 

anhydride 


C,H 


reduced 


Canipholide 


KCN 

Homocamphoric 

nitrile 


O TT ^^COOH 


hydrolysed 


CHa-COOH 
Homocamphoric acid 


Ca salt 
distilled 


/CO 

Camphor. 


Considerable amounts of cfimphor are manufactured from 
pinene by the following series of reactions; 

Pinene — ► Bornyl chloride — ^ Isobornyl acetate 
HOI Metallic 

acetate 

— Isobomeol — Camphor 
hydrolysed oxidised 

(Cf. Hoiisemann^ Sci. Progress, 1908, 3, 60.) 
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Camphoric acid is an unsymmetrical dibasic acid, ^ it gives 
two isomeric monomethyl esters and two amic acids. One 
carboxylic acid is probably attached to a tertiary and the 
other to a secondary carbon atom, as the acid yieldo a single 
mmohromo substituted derivative when subjected tp the Hell- 
VolhardrZelinsky method of bromination. The derivatives are 
known respectively as a and P (or ortho and alio), the a- 
methyl ester, for example, contains the group ^CH-COgMe, 

and the )8- methyl ester the group ^C-CO^Me. As isonitroso- 
camphor — C(:NOH)*CO — when warmed with hydrochloric 
acid yields a>camphoramic acid, ^CH-CO-NHg, it follows 
that the methylene group of camphor corresponds with the 
a-carboxylic group in camphoric acid. 

Camphoric acid exists in four optically active and two 
racemic modifications, the latter known respectively as r-cam- 
phoric and r-isocamphoric acids. This points to the presence 
of two asymmetric carbon atoms in the molecule of the acid, 
as indicated in the formula. Camphor, on the other hand, 
exists in two active and one racemic form only. When d- 
camphoric acid is racemized the product is not r-camphoric 
acid, but a mixture of the original acid with Hso-camphoric 
acid. This is due to the fact that only one asymmetric car- 
bon atom is concerned in the racemization. In the oxidation 
of camphoric acid to camphoronic acid, camphanio aci^ the 
lactone of a-hydroxy-camphoric acid is formed as an inter- 
mediate product; its constitution follows from the fact that it 
is formed by boiling bromo-camphoric anhydride with water. 


Camphanic acid 

(|jHj*CMe • 00 

Various chloro-, bromo- nitro- and amino-camphors are 

yCHX 

known. The mono-substituted derivatives, CgH^X , exist 
in two stereoisomeric forms. 

For P camphor, the comMund in which the CH^ and CO 
groups of the >CMe*C 0 «CH 2 *CH< chain are reversed, t.e. 
>CMe*CH2-C0«CH<, see Bredt and Perkin, P. 1912, 
28, 56. 

Borneol or Borneo oamplior, GioHi 7 >OH, occurs in nature 


— COjH 

CM^O 
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(in Dryobalanops camphora\ and is produced by the action of 
nascent hydrogen upon Japan camphor: 


.CHo j 

C8Hi 4<^^^ + 2H - CgH,4<^ 


CH2 

CH.OH’ 


It resembles the latter, but has at the same time an odour 
of pepper. It crystallizes in hexagonal plates, melts at 208°, 
boils at 212°, and when oxidized yields in the first instance 
camphor. Borneol possesses the character of a secondary 
alcohol, yielding esters, and with PCI 5 yields bomyl chloride, 
CipHj^Cl (m.-pt. 148°), which is identical with pinene hydro- 
chloride, together with large amounts of isobornyl chloride. 
With HI, on the other hand, it yields bornyl iodide and no 
iso-compound. 

Isoborneol is formed, together with larger quantities of 
borneol, by reducing camphor with sodium and alcohol, and 
was for a long time regarded as stereoisomeric with borneol ; 
but the readiness with which its chloride yields camphene, and 
the readiness with which it combines with organic acids in the 
presence of sulphuric acid to form esters of isoborneol, indicate 
a close relationship between camphene (I) and isoborneol, and 
the formula II has been accepted. Ill represents isobornyl 


chloride : 



I 

II 

III 

CHg.CH.CiCHg 

CH2.CH.C(0H).CH3 

CHa-CH.CCl.CHs 

1 chJ 

1 

1 

CHg-CH-CMea 

GHj-CH-CMea 

CHa-CH-CMea. 


The formation of isobornyl chloride from borneol and PCI5 is 
to be attributed to the dehydration of borneol to camphene 
and the addition of HCl to the latter. Isoborneol melts at 
212°, is very volatile, and when oxidized yields camphor. 

Fenchone, a-methylcamphenilone, which is isomeric with 
camphor, occurs in fennel oil, is represented by Semmler (A. 
1912, 387, 1) by formula VI (p. 626), and its complete syn- 
thesis has been achieved {Ruzi^ka, B. 1917, 60 , 1362). Ethyl 
1 - methy Icy clopentan - 4-one - 1 - carboxy late (I), ethyl bromo- 
acetate and zinc yield ethyl 3-hydroxy-3-carbethoxymethyl-l- 
methylcyclopentan-1 -carboxy late (II), which reacts with PBrg, 
yielding the unsaturated ester, ethyl dehydromethylnor- 
homofenchonate (III), which is readily reduced to ethyl 
methylnorhomocamphorate (IV), and the lead salt of this 
heated in a current of CUg yields methylnorcamphor (V), 
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which with methyl iodide and sodamide gives a mixture of 
fenchone (VI) and fenchosantanone (the monomethyl 
derivative): 

I II III 

CH2 • CMe . COaEt CH.^ • CMe • COgEt CH., • CM e . CO^E t 

I CH2 I CHg I CHg 

CHg . CO CPT^ • C(OH) . CH2 • COgEt CHg • C : CH . CO^Et 


IV 

V 

VI 

PHj.CMe-OOaEt 

CHg-CMe.CX) 

CHg.CMe.CO 

1 OH, 

1 OH, 1 

1 OH2 

CHij.CA-CH 2 .CX),Pit 

CHjj-CH .CHg 



Fenchenes. — The hydrocarbons known as fenchenes appear 
to have a ring system different from that of fenchone, e.g, 
a-fenchene, obtained by dehydrating fenchyl alcohol, is repre- 
sented by formula VII: 





The change in ring structure from fenchyl alcohol to a-fenchene 
is thus the reverse of that met with in the conversion of 
borneol into camphene (p. 620), and the simplest explanation 
in each case is the formation of a tricyclic system, e,g, in the 
case of borneol (VIII), of the product IX, and then by sub- 
sequent fission of the cyclopropane ring at the position 
indicated, and the wandering of one H atom from C atom (7) 
to C atom (6). (Buzicka, Helv. 1918, 1, 110.) Hydrocarbons 
corresponding with this intermediate product have been 
isolated by Bredt by condensisg camphor or fenchone with 
Ghignard reagents, and eliminating water from the tertiary 
alcohols so obtained. Using magnesium methyl iodide, a 
hydrocarbon with methyl in position 2 in formula IX is 
obtained, and similar phenyl and naphthyl derivatives have 
been prepared (J. pr. 1918, 98 , 96). 

Thujone (I) occurs in thuja, wormwood, and sage oils; it is 
not unsaturated, and hence contains a bicyclic system; when 
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heated it forms carvotanacetone (II), and this is readily 
reduced to carvomenthol (III): 


I 


CHMe 

CMe 

CHMe 

/ \ 

/ \ 

/ \ , 

CO CH 

CO CH 

OH-CH CHo 

1 / 1 

II 1 1 

III 1 1 

CH^ CHj, 

CPI., CHj, 

CHj Clla 

\ // 

\ / 

\ / 

C-CHMej 

CH-CHMea 

CH-CHMe, 


Fulegone, occurs in oil of pennyroyal and* is 

represented as a monocyclic ketone with the ketonic group in 
position 3, and a semicyclic olefine bond in position 4 p8. This 
structure follows from the readiness with which it is oxidized 
to ^-methyladipic acid and also to the fact that when heated 
with formic acid at 250*^ it yields acetone and 1-methylcyclo- 
hexan-3-one : 


>C:CMe2 — >CH2+COMej. 


Cineol, or eucalyptol, C^oH^gO, occurs in cardamom, cajuput, 
eucalyptus, and wormseed oils, and is also formed by treating 
terpin (p. 615) with acids. It boils at 176"~177°, is optically 
inactive, and forms characteristic hydrochloride, phosphate, 
and arsenate, which are utilized in its estimation. It also 
forms additive compounds with phenols. It has no alcoholic 
or ketonic properties, and is usually represented as an internal 
anhydride or ether of terpin, viz. : 


CMe<[^22;y^f>CH.CHMe8. 


A very convenient method for converting terpene aldehydes 
or ketones into the corresponding hydrocarbons (CO — ► CHg) 
is by heating their semicarbazones or hydrazones at 160°-200® 
with a little sodium ethoxide: >C:N-NH 2 — ^ >CH 2 + Ng. 
Treated in this way camphor gives a nearly quantitative yield 
of camphane. 


D. Compounds related to Terpenes 

Irone — a methyl ketone, CjgHgoO — is the odoriferous prin- 
ciple of the iris root, and also probably of the violet. When 
boiled with hydriodic acid it yields the hydrocarbon Irene, 
CisH.s- 
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The formulae suggested for these compounds are: 


CMe, 


CMe^ 


CH 


•Me 


H(^ /Cl 
CH, 


^CH CH:CH COMe ^CH 

h|} ^Ijh- 

Iroiie Irene 


CH 


CMe 


(cf. Tiermnn and Kruger, B. 26 , 2676). These chemists have 
^nthesised two isomerides of irone, which they term a- and 
p-ionones. 

These also possess the odour of violets, and are employed 
at the present time for the manufacture of violet essence. 

The synthesis consists in the condensation of citral (p. 604) 
with acetone to form the unsaturated ketone pseudo-ionone : 

CMe 2 :CH.CH 2 -CH 2 -CMe:CH.CH 6 + HgCH-COMe 

= CMeg ; CH • CHg • CH 2 • CMe : CH • CH : CH • COMe, 


which is transformed into the ring compounds a- and ^S-ionones 
when boiled with sulphuric acid : 


CMeg 

HaCy^H.CH: CH-COMe 
Hgcl JcMe 

a-Ionone 


CMe2 

HijC/\c.CH;CH.(X)Mo 

HgO^CMe 

^-loDone. 


Carone, CjoHigO (II), is one of the most important ring 
ketones of the terpene series, and is formed when dihydro- 
carvone hydrobromide, 8-bromoterpane-2-one (I), is treated 
with alcoholic potash {Baeyer^ B, 1896, 28 , 6 and 2796). 


CHMe 


■If i 


CO 


CJ^* CBrMe- 


CHMe 

^CO 

11 I CMea I 
CH 


It is a colourless oil with an odour of camphor and pepper- 
mint, and boils at 210°, but is, at the same time, partially 
transformed into the isomeric carvenone. The molecule, 
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according to Baeyer^ contains a six-carbon ring with a bridge. 
One of the most characteristic properties is the readiness 
with which the bridge is broken and derivatives of p- or 
m-terpane are produced. Thus when heated it yields car- 
venone or A-3-^terpene-2-one, 

CHMe,.C<ggj^->CHMe; 

with hydrobromic acid it yields 8-bromoterpane-2-one, and 
with sulphuric acid 8-hydroxy-terpane-2-one, 


When oxidized, carone yields a dibasic acid, caronio acid 
(as and trans modifications), which Baeyer suggested was 
dimethyl-trimethylene-dicarboxylic acid, 

.CO,H 

•OOgH, 



a conclusion which has been confirmed by PerldrCs synthesis 
(J. C. S. 1899, 48). In this synthesis ethyl dimethylacrylate, 
CMeg : CH • COgEt, is condensed with ethyl sodio-malonate (or 
ethyl sodio-cyanoacetate), and the product, ethyl dimethyl- 
propane-tricarboxylate, (C 02 Et)nCH*CMe 2 *CH 2 «C 02 Et, when 
hydrolysed and heated at 200 , yields /5/:f-diniethyI-giutaric 
acid, C02H«CH2*CMe3*CH2*C(XH. The a-bromo-derivativ© 
of the ethyl ester of this acid, COoEt • CHBr • CMog • CHg • COgEt, 
yields cis and trans caronic acids when heated with alcoholic 


potash: 


CMeg 


COjEt-HCBr HCH-CO^t 


CMe, 

CO^.HO^CH •CO.H. 


In the numerous bridged terpene compounds, i,e, compounds 
containing a di- or tri-cyclic system, it must he remembered 
that in many cases the different rings do not lie in the same 
plane. This is most readily seen with the aid of models, and 
holds good for camphor, camphene, fenchone. The usual 
single plane formulae, therefore, do not represent the actual 
spatial relationships of the group. 

In a survey of the bi-cyclic systems attention should bo 
drawn to the stability of tri- and tetra- rings systems to 
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oxidizing agents and their instability towards hydrolysing 
agents. By means of these reagents it is frequently possible 
to arrive at valuable information concerning the structure of a 
given di-cyclic compound. By the aid of oxidizing agents 
simple derivatives of cyclopropi^ne or cyclobutane can bo 
formed, and by the aid of hydrolysing agents derivatives of 
cyclohexane. 


XLII. RESINS; OLEORESINS; GLUCOSIDES 

(» 

A. Resins 

Many organic compounds, the terpenes in particular, possess 
the property of becoming “ resinified by oxidation in the air 
or under the influence of chemical reagents, i.e. of being con- 
verted into substances very similar to the resins which occur 
in nature. These natural resins are solid, amorphous, and 
generally vitreous brittle masses of conch oidal fracture, in- 
soluble in water and acids, but soluble in alcohol, ether, and 
oil of turpentine. They are found naturally in abundance, 
partly also as balsams or oleoresins, i,e, dissolved in terpenes 
or ethereal oils, from which they can be separated by distilling 
in steam. The resins dissolve in alkalis to form compounds of 
the nature of soap (resin soaps), being again precipitated from 
the aqueous solutions of these on the addition of acids; most 
resins must therefore consist of a mixture of somewhat com- 
plicated acids (the so-called resin-acids), or frequently their 
anhydrides. 

Abietic acid, C^gllggOg, has been isolated from rosin or colo- 
phonium (the residue from the distillation of turpentine); it 
crystallizes in small plates, melts at 153°, and is soluble in hot 
alcohol. Pimaric acid, C 20 H 3 QO 2 , has been prepared from 
galipot resin {Pinus maritimc^y and from French and American 
rosin (Knecht and Hibberty J. S. Dyers, 1919, 35, 148). It 
melts at 144°-146°, and closely resembles abietic acid. 

The resins show their relation to the aromatic compounds 
by their conversion into hydrocarbons of the benzene or 
naphthalene series when distilled with zinc dust, and by the 
formation of di- and trihydroxy-benzenes when they are fused 
with potash. 

An important resin is shellac, manufactured from East 
Indian lac, which is the exudation of an organism known as 
the lac insect (Tachardia lacca)y which grows on certain species 
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of jungle trees. It is a constituent of all high-grade varnishes. 
Amber is a fossil resin which contains succinic acid in addition 
to resin-acids and a volatile oil. Other resins are: — copal, 
of which there are numerous varieties, e.g. Zanzibar, which 
contains 80 per cent of trachylolic acid, 0 H*C 54 Hg 503 «C 00 H ,* 
dammar of South India; dragon’s blood, containing esters of 
the alcohol drachoresotannol, CgHgO^OH. 

Among important oleoresins are Storax from Liquid amber 
(yrientalis, containing cinnamene derivatives (p. 480), Balsam 
of Tolu {Myroxylon toluifera) and Balsam of Peru (AT. pereiroi^ 
containing esters of benzoic and cinnamic acids, and Copaiba 
balsam containing sesquiterpenes. 

The resins are largely used for the manufacture* of lacs, 
varnishes, &g. 

B. Glucosides 

Glucoside is the name given to a number of complex organic 
compounds which occur in vegetable tissues. They are all 
characterized by the fact that on hydrolysis vuth acids, alkalis, 
or enzymes, a sugar — usually ^/-glucose — is formed. They are 
therefore to be regarded as anhydro-compounds of c?-glucose 
or some other sugar with various organic compounds. 

In addition to these natural glucosides, the constitutions of 
many of which are unknown, E, Fischer has prepared artificially 
glucosides of the type of a- and /3-methyl-glucosides (p. 321) 
by the action of methyl alcohol and hydrogen chloride on 
glucose. These are stereoisomeric compounds: 

0CH3.CH[CH.0H]2-CH.CH(0H).CH2.0H. 

» O 1 

The a-compound melts at 165° and the )8- at 107°. The optical 
rotatory powers are respectively + 157° and — 33°. They do not 
reduce Fehling^s solution, and on hydrolysis yield d-glucose and 
methyl alcohol. For further details of the isomerism, see Chapter 
XLVIII, B, Enzyme action. The compound termed gluoosi- 
miue, and prepared by the action of a methyl alcoholic solution 
of ammonia on glucose, is methyl- glucoside, in which the CHg 
group is replaced by NHo {Levene, J. Biol. C. 1916, 21, 59). 

More complex glucosides have been synthesised by Fischer 
and others by means of acetobromoglucose, 

OAc . CHa • CH(0 Ac) • CH • CH(0 Ac) • CH(0 Ac) . CHBr, 

' ^0 
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a compound first prepared by Fischer and E, F. Armstrong 
(B. 1901, 2885) by the action of hydrobromic acid in acetic 
acid on penta-acetylglucose. Other monosaccharoses yield 
similar derivatives, and these bromine compounds have been 
used for the synthesis of various types of glucosides. They 
condense with ethereal solutions of various alcohols, yielding 
acetylated glucosides analogous to the acetylated methjd 
glucosides, and on careful hydrolysis the glucosides themselves 
are formed. {Fischer^ B. 1910, 43, 2521; 1912, 46, 2467; 
1914, 47, 1377. For phenolic glucosides cf. B. 1916, 49, 
^81 3; 1917, 60, 711; cholesterol glucosides, Saltoay, J. C. S. 
1913, 103, 41 ; gallic acid glucosides, Fischer and Strauss^ B. 
1912, 46, 3773.) Mustard oil glucosides are formed bv con- 
densing the bromo-compounds with the silver salts of thio- 
urethanes, E*N:C(OEt)*SAg (B. 1914, 47, 1258); and purin 

f lucosides (B. ibid. 210, 1377) from the silver salts of purins. 

'he purin compounds, e,g. theophyllene-glucoside, condense 
with phosphoryl chloride, yielding the acid, 

2 H 2 O, which may be regarded as the first step in the synthesis 
of nucleic acids (p. 643). For terpene glucosides cf. Hdmaldinen, 
Abs. 1913, i., 497, 639, and for alkaloid glucosides Mannich, 
A. 1912, 394, 233; Irvine and Eynd, J. C. S. 1913, 103, 41. 
Among the commoner natural glucosides are : 

Amygdalin, C^H270iiN (p. 448), found in bitter almonds, 
in the leaves of the cherry laurel, in the kernels of the peach, 
cherry, and other Amygdalacese. It crystallizes in colourless 
prisms, melts at 200°, is readily soluble in water, and on hy- 
drolysis with emulsin yields benzaldehyde, d-glucose, and hy- 
drogen cyanide. Emulsin is an enzyme which occurs in bitter 
almonds. It ic, characteristic of most glucosides that in the 
plant tissue they are accompanied by an enzyme, which is able 
in the presence of water to hydrolyse them. Amygdalin may 
also be hydrolysed by dilute mineral acids. 

With concentrated hydrochloric acid it yields Z-mandelic 
acid, and with an enzyme contained in yeast (amygdalase) 
it yields glucose and Z-mandelpnitrile-glucoside. A synthetic 
dZ-mandelonitrile-glucoside has been synthesised by the follow- 
ing stages; — condensing acetobromoglucose with dZ-ethyl man- 
delate, converting the product into the corresponding amide, 
removal of the acetyl groups by hydroWsis, and elimination of 
water from the amide by means 01 POClg. 

Isoamygdalin, obtained by the action of alkalis on amyg- 
dalin, is the racemic form of which ordinary amygdalin is 
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the ^modification. Amygdalin is the commonest of the cyano- 
genetic glucosideSy ie. glucosides which give rise to hydrogen 
cyanide in plant tissues or on hydrolysis. Some of the other 
members are: dhunin, p-hydroxy-mandelonitrile-glucoside 
(JDunstan and Henry), in the great millet; phaseolunatin, ace- 
tone-cyanohydrine-^-glucoside, in beans of Fhaseolus lunatus; 
lotusin from Lotm aribicus, 

Salicin, CigHjgO.^, found in varieties of Salix, is hydrolysed 
to saligenin (o-hydroxy-benzyl alcohol) and dextrose; populin 
or henzoyl-salidn, CiQHo20g (in varieties of Populus), can be pre- 
pared artificially from benzoyl chloride and salicin. 

Arbutin, and methyl-arbutin, C^gHigOy, present 

in the leaves of the bear-berry, &c., yield glucose anS quinol 
or methyl-quinol respectively. Methyl-arbutin has been S3m- 
thesised by Michael (B. 1881, 14 , 2097) from acetochloro- 
glucose and quinol methyl ether. 

Hesperidin, C22H25O12, which is contained in unripe oranges, 
&c., can be decomposed into glucose, hesperetic acid (isomeric 
with ferulic acid, p. 491), and phloroglucinol. 

Phloridzin, C2iH240io» found in the bark of fruit-trees, 
yields grape-sugar and pliloretin, (B. 1895, 28 , 1393), 

and this latter, in its turn, phloretic acid and phloroglucinol 
(p. 445). Both induce glycosuria (e.e. a functional derangement 
of the liver, giving rise to temporary diabetes) in animals. 

Aesculin, CigHigOg, present in the bark of the horse-chestnut, 
is decomposed by acids into grape-sugar and Aesculetin (di- 
hydroxy-coumarine), C9Hjg04. 

Digitonin, digitalin, and digitalel'n are three glucosides 
which, together with digitoxin (the most important constituent 
from a pharmacological point of view), are present in the digi- 
talis of commerce (cf. B. 24 , 339; 26 , Eef. 680; 81 , 2454). 

Coniferin, CigH220g + 2H2O, contained in the cambium sap 
of the Coniferse, yields glucose and coniferyl alcohol on hy- 
drolysis, and serves for the preparation of vanillin (p. 455). 

Indican (p. 556) is indoxyl-giucoside. 

Syringin, the glucoside of Syringa, is a methoxy-coniferin. 

Myronic acid, C^Hj^OgNS^ is present as potassium salt 
(Sinigrin), CigH^gKOgNSo, HgU (glistening needles), in black 
mustard seed. It is hydrolysed by baryta water, or by my- 
rosin, an enzyme present in mustard seed, to d-glucose, 
potassium bisulphate, and allyl isothiocyanate (p. 286). 

(For list of natural glucosides cf. Aimstrong, “ Simple Carbo- 
hydrates and Glucosides ”, p. 80.) 
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A complex glucoside is Solanine 8 ., C54HngOigN2, HoO, 
obtained from Solanum sodornacum^ as on hydrolysis it yields 
Solanidine S., CigHgiON, d-glucose, d-galactose, and d-methyl- 
pentose. 

The colouring matters of many plants, viz. the red, blue, 
and violet pigments, soluble in alcohol and water but insoluble 
in ether, and known as anthocyanins, are of glucosidic struc- 
ture {fVillstatter ajid Everest, A. 1913,401, 189). The pigment 
of the cornflower contains one glucose and one cyanidin residue, 
that of the cranberry contains one cyanidin and two galactose 
residues. Delphinin, pelargonin, and myrtilin are all glu- 
cosides. (For the products of hydrolysis compare p. 575.) 

Gallotannic acid, derived from nut galls and one of the 
best-known tannins (p. 486), is a glucoside, and yields ^3?-glucose 
and gallic acid when hydrolysed with dilute mineral acids. 
The tannin of Chinese galls is a gallic acid derivative, and its 
structure, according to Fischer, is that of a penta acylated 
glucose, the particular acyl group being the digalloyl group; 
it is therefore pentadigalloyl glucose, CflH^O(j[CO*CgH2(OH)2 
• 0 • CO • CgH2(OH) J5. Several products analogous in structure 
have been synthesised by Fis^r and Freudenherg (B. 1912, 
46, 912, 2709), and have been shown to resemble natural 
tannin in many respects. 

The first step in the synthesis consists in protecting the 
hydroxyl group of gallic acid, either by acetylation or by con- 
version into its triethylcarbonato derivative, CO^H-CgHg 
(0'C02Et)« by the aid of ethyl chloroformate, Cl-COgEt 
(p. 289). The protected acid is next converted into the acid 
chloride, COCl • CgH2(OAc)3 or COCl • CfiH2(0 • COgE^g, which 
can be condensed with d-glucose in the presence of an organic 
base, and by subsequent elimination of the acetyl or carbethoxy 
groups, by careful hydrolysis, pentagalloyl glucose is obtained. 
Galloyl derivatives of glycerol, erythrytol and mannitol 
have been prepared by similar methods, and all have the 
property of precipitating gelatine in much the same manner 
as tannin. 

To introduce jp-digalloyl groups into glucose the following 
series of reactions are carried out: — Gallic acid — ► triacetyl- 
gallic acid triacetylgalloyl chloride. The latter is then 
condensed in the presence of dilute alkali with 3: 5-diacetyl- 
gallic acid, C02H-68H2(0H)(0 Ac) 2, a product obtained by the 
partial hydrolysis of the triacetylated acid. By this condensa- 
tion penta-acetyl-digallic acid (I) is obtained. This acid is 
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converted into its acid chloride by means of PClg, and the 
pentacetyldigalloyl chloride then condensed with ^?-glucos(J, 
and the acetyl groups removed from the final condensation 
product by hydrolysis with methyl alcohol and concentrated 
hydrochloric acid, or by means of a little sodium ethoxide, and 
/3-pentadigalloylglucose is thus obtained. This closely resembles 
the tannin from Chinese galls, but has a slightly different 
optical rotation. They were also able to show that by methyl- 
ating gallic acid, preparing pentamethyl-p-digalloyl chloride, 
and condensing this with glucose, a product is formed which 
is identical with the meth^ tannin obtained by the action of 
diazomethane on natural Chinese tannin (B. 1913, 46, 1116). 

During the course of the w’ork it was proved that when 
penta-acetyl-p-digallic acid (I) is hydrolysed, the product is 
not the corresponding p-digallic acid, but the isomeric 7n-digal- 
lic acid (II) (B. 1913, 46, 1116; 1918, 61, 45). 

A simple glucogallic acid can be isolated from Turkish 
gall nuts; it is a condensation product derived from one 
molecule of glucose and one of gallic acid, and can be 
methylated. The methyl derivative has no reducing properties, 
and when hydrolysed by methyl alcoholic potc^h yields gallic 
acid trimethyl ether, and hence the conclusion is drawn that 
this natural product is formed by the condensation of the 
glucose molecule with the carboxylic group of the gallic acid 
{Feist and Haun^ Arch. Pharm., 1913, 2^51, 468): 

1 O- 

(OH)3CeH2-CO.O.CH[CH.Op]2-CH.CH(OH).CH2-OH. 

A synthetic product, ^-glucisido-tannic acid, obtained by 
Fischer (B. 1912, 46, 3773), is not identical, and probably has 
the ether constitution: 

, O ^ 

CO 2 H . CoH 2(OH)2 • O • CH[CH . 0H]2 • CH • CH(OH) • CHg • OH. 

The products formed from hydroxy aromatic acid by the 
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condensation of the COOH group of one molecule with the 

S henol group of a second are termed by Fischer depsides, and 
i-, tri-, and tetra-depsides can be obtained according to the 
number of molecules of acid thus condensed together to form 
a chain. Such depsides are esters derived from phenols, and, 
as such, can be hydrolysed. 

The Saponins are a group of glucosides widely distributed 
in the vegetable kingdom. They are soluble in water, in- 
soluble in ether, form emulsions with oils, and prevent the 
deposition of finely-divided particles. They have a bitter acrid 
(aste and are characterized by giving a soapy foam when 
shaken with water, and by their toxic action on cold-blooded 
animals^ When hydrolysed they yield a sugar or sugars and 
sapogenins, which are complex carbon compounds of unknown 
structure. The soapwort (Saponaria officinalis) root contains 
saporubin (CiglLgOjo)^ which on hydrolysis gives sugars and 
the sapogenin, (i^HgoOg. 

All the natural and synthetic glucosides can be divided into 
two groups, a and /8, corresponding in structure with the two 
stereoisomeric methylglucosides, and they are readily distin- 
guished by their behaviour towards certain enzymes. Thus 
all )3-glucosides — and practically all the natural glucosides 
belong to this group — are readily hydrolysed by water in the 
presence of emulsin (p. 632), whereas the a-glucosides are 
hydrolysed by maltase, but not by emulsin. Within recent 
years numerous glucosides have been synthesised by means of 
enzymes. Compare Chap. XLVIII, B. 

The common sugar present in natural glucosides is d-glucose, 
but d-galactose, rhamnose, and arabinose are also found. A con- 
venient method for ascertaining the sugar present, when it is 
found difficult to isolate it, is to study the rates of hydrolysis 
of the glucoside in the presence of different sugars. Most of the 
sugars will have no influence on the rate of hydrolysis, but one 
particular sugar will produce a retardation of the hydrolysis, 
and this may be accepted as the one present in combination in 
the particular glucoside. 


XLIII. ALBUMINS; PHYSIOLOGICAL CHEMISTRY 

An extended description of the substances (other than those 
already mentioned) which are found in the animal organism, and 
which are therefore of importance for physiological chemistry. 
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will not be attempted here, since they are for the most part 
better known from a physiological than from a chemical point 
of view. Only the albumins and some of the substances which 
are produced during metabolic processes will be dealt with. 

Albumins 

For an account of the modern views of the chemistry ol 
albumins see A. Kossel (B. 1901, 84, 3214; E. Fischer^ B. 1906, 
39, 530). 

The albumins make up the chief part of the organism, being 
present partly in the soluble and partly in the solid state; 
they are found in protoplasm and in all the nutritive ^fluids of 
the body. In the tissues of green plants the albumins are 
synthesised in quite unknown ways from simple substances 
like carbon dioxide, water, ammonium nitrate and sulphate. 
(Cf. Meldola, J. C. S. 1906, 749.) The majority of albumins 
are insoluble in water, but dissolve in dilute saline solutions. 
Their presence in the juices of the animal organism is prob- 
ably due to saline and other substances. In solution they 
are opalescent, l»vo-rotatory, and do not diffuse through parch- 
ment paper, i.e, are colloids; but they are thrown down 
when the solution is warmed, or upon the addition of strong 
mineral acids, of many metallic salts \e,g, copper sulphate, 
basic lead acetate, and mercuric chloride], of alcohol, tannic 
acid, acetic acid together with a little potassium ferrocyanide, 
picric acid, or phosphotungstic acid. They are insoluble in 
alcohol or ether, and their solutions are usually precipitated 
(“salted out”) by the addition of ammonium sulphate, and 
mixtures of different albumins can often be fractionally pre- 
cipitated by gradually increasing the concentration of the 
ammonium sulphate. This concentration is definite for each 
albumin, as is also its temperature of coagulation. Proteins 
can also be coagulated by treatment with absolute alcohol or 
with boiling water. After coagulation all albumins become 
insoluble in neutral solvents, but dissolve in alkalis or acids, 
yielding metaproteins, which &re also formed bv boiling the 
uncoagulated albumins with acetic acid or alkali. When 
boiled: (a) with nitric acid, they are coloured yellow (the 
xantho- protein reaction); (b) with a solution of mercuric 
nitrate containing nitrous acid {Millon's reagent\ red ; (c) with 
caustic soda solution and a very little cupric sulphate, violet. 

Many of the albumins have been prepared pure, although 
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this is a very difficult operation. With the exception of the 
crystalline albumin which occurs in hemp, castor -oil, and 
pumpkin seeds (B. 15 , 953), and the recently isolated crystal- 
line egg albumin and serum albumin (B. 24 , Eef. 469; 25 , 
Ref. 173), and ovalbumin, they do not crystallize. 

The different albumins vary only slightly among themselves 
in percentage composition; they contain: 

C = 62-7 to 64-6 p.c.; H = 6*9 to 7*3 p.c.; N = 15*4 to 17-6 p.c.; 

O = 20*9 to 23*6 p.c.; and S = 0*8 to 6*0 p.c. 

« It is impossible at present to construct a formula from these 
numbers, and even approximate molecular weights have not 
been determined. 

The fact that albumin contains sulphur is worthy of note, 
though the mode in which it is combined in the molecule is 
unknown ; warming with a dilute alkaline solution is sufficient 
to eliminate it partially, e,g. when white of egg is boiled with 
an alkaline solution of lead oxide, sulphide of lead is precipi- 
tated (the test for sulphur in albumin). 

Albumin preparations usually leave a very considerable 
amount of ash, Le, inorganic salts, on incineration. It is not 
yet certain in how far this mineral matter forms an integral 
constituent of these substances; but the properties of “egg 
albumin free from ash ” are materially different from those of 
ordinary albumin (B. 25 , 204). 

Although the constitution of no single albumin has been 
determined, a considerable amount of work has been done in 
this direction, more especially by an examination of the 
simpler products obtained when the albumins are (a) oxidized, 
(6) hydrolysed, and (c) fermented by micro-organisms. 

(а) The products obtained on oxidation consist largely of 
volatile fatty acids, their aldehydes, ketones, and nitriles, 
together with hydrogen cyanide and benzoic acid. 

(б) The usual hydrolytic agents used are (1) baryta water, 
(2) hydriodic acia, (3) concentrated hydrochloric acid, ana 
(4) sulphuric acid (25 per cent). The last of these appears to 
be the best, as it produces less complex decomposition, e.g, 
less ammonia and more amino -acids. The most marked 
feature of the products thus obtained is the predominance 
of amino-acids. 

The list of compounds which have been isolated from the 
hydrolytic products is as follows: (i) Ammonia; (ii) car- 
bamide; (iii) diamino-acids; (iv) monamino-acids; (v) pyr- 
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and its hydroxy derivative (oxyproline) ; (vi) furaldehyde 
(p 546); (vii) histidine (iminazole-alanine), OgHgOjjNo; (viii) 
ar^nine, or 3-guanino-a-amino valeric acid, NH 2 »C(:]nH)*NH* 
CH 2 -CHjj*CH 2 *CH(NH 2 )'C 02 H, which has been syntnesised 
from ornithine ^p. 493) and cyanamide (p. 286); (ix) trypto- 
phan (indol-alanine); (x) tyrosine (p. 485). 

Of the diamino-acids the following are the more important: 
Diamino -acetic acid from casein, a 3 -diamino-valeric acid Jr 
ornithine, ac-diamino-Ti-caproic acid or lysine. 

Of the monamino-acids: Glycocoll, and derivative^; such as 
skatolglycocoll, a-amino-propionic acid or alanine, a-amino- 
isobutylacetic acid or leucine, a-amino-isovaleric acid or valine, 
a-amino-succinic or aspartic acid, a-amino-glutaric or glutamic 
acid, phenylalanine or j8-phenyl-a-amino-propionic acid, CHj 
Ph • CH(NH 2 ) • COgH, a- amino -a-hydroxy -propionic acid or 
serine, a-amino-a-thiolactic acid or cystein, and the corre- 
sponding disulphide or cystin, ^-hydroxy-phenyl-a-amino-pro- 
pionic acid, and /8-hydroxy-glutamic acid. 

Certain albumins also yield carbohydrates, more especially 
amino-sugars, e.g, glucosamine, CgHijOg-NHg (B. 1895, 28 , 
3082), from chitin. 

A simple method for the separation and isolation of many 
of these amino-acids from the products of hydrolysis is due to 
E, Fischer, He converts the acids into esters by the hydrogen- 
chloride method, and then separates these by fractional dis- 
tillation under reduced pressure. 

A few simple proteins yield only a single ajnino-derivative ; 
thus both salmine and clupeine, obtained respectively from the 
testicles of the salmon and herring, yield very little besides 
histidine. As a rule, the more complex proteins yield a 
considerable number of amino-compounds, the number of such 
compounds and also their relative proportions varying with 
the protein. 

A glance at the list of above products indicates that the 
albumin molecule is largely built up of aliphatic groups. 
The carboxylic groups present in the hydrolytic products 
are probably not present in the original molecule, and it is 
highly probable that most of the amino-groups are not present 
as such, but are employed in uniting the various radicals 
(o^ether, since onl^ some 10 per cent of the to^ii^ aitro^en ip 
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albumin is eliminated as such on treatment with nitrous acid ; 
in other words, the amino-group of one molecule reacts with 
the carbo:^lic jotoud of another, yielding compounds with the 
group, •CO*Nfl', characteristic of acid amides. Emil Fischer 
and others have synthesised complex compounds of this type 
by the gradual condensation of amino-acids. Although none of 
the proteins has been so far synthesised, the products — the 
polypeptides — exhibit considerable analogy to the peptones. 

The following general methods are used for the synthesis 
of pol^eptides: — 

1. The chloride of a halogenated fatty acid is condensed 
with the ester of an amino-acid, the resulting ester hydrolysed, 
and the halogen then replaced by an amino-group by means 
of ammonia: 

GHj.CHBr.COa + NH^-GHj-COjEt 

— GH,.GHBr.GO.NH.GH,.GOjEt 

GH8-GH(NHO-GO.NH.GH,.GO^ 

Alanylglycine. 

2. The dipeptide thus obtained can be converted into its 
acid chloride, and this condensed with a molecule of an ester 
of an amino-acid, e,g, glycine ester, yielding the compound 
OH 3 .CH(NH 2 ).CO.NH.CH 3 .CO.NH.CH 2 .C 02 CA, which 
on careful hydrolysis yields the corresponding acia — alanyl- 
glycylglyciue — an example of a tripeptide. The operations 
can be repeated, and in this way compounds containing 18 
amino-acid residues have been synthesised, one of which has a 
molecular weight 1213. 

As the amino-acids obtained by hydrolysing natural pro- 
teins are optically active, Fischer us^ optically active acids 
and esters in his synthetical operations, the optically active 
acid being obtained by resolving its racemic benzoyl derivative 
by means of active bases and then removing the benzoyl group. 

3. A modification of the above synthesis consists in con- 
verting an amino-acid into its acid chloride by means of 
acetyl chloride and phosphoric pentachloride, and then con- 
densing this chloride with a molecule of an amino-acid. 

4. Glycylglycine can be obtained by heating ethylglycine 

yco • CH \ 

when the anhydride, diketopiperazine, NH<^q jj* is 

formed, and hydrolysing this with dilute alkali. 

5. Another method of obtaining polypeptides is through the 
azide (p. 192) of the acid. Thus starting with ethyl hippurate, 
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this is converted into the hydrazide, and, finally, into the 
azide, which yields a carbimide when heated. The carbimide 
is condensed with the ester of an amino acid, e,g, ethylglycine, 
yielding a product which can be transformed into an azide and 
the series of reactions repeated (Curtim^ J. pr., 1916, 94 , 85): 

X-COgEt X-CO-NH.NH2 — X-CO-Ng 

X.N:C:0 -h. X-NH-CO-NH-CHg-COgEt. 

The position of the free amino-group in a complex poly- 
peptide can be most readily ascertained by the action of 
naphthalene-^-sulphonyl-chloride on the polypeptide, and then 
careful hydrolysis with hydrochloric acid. Thus, alanyl- 
glycylglycine (a tripeptide) treated in this way gives naphtha- 
lene -y^^-sulphonylalanine and glycine as hydrolytic products, 
indicating that the free amino-group is present in the alanyl 
residue (B. 1916, 49, 2449, 2838). 

A few polypeptides, e.g. tetrapeptides, have been isolated 
from the hydrolytic products of certain proteins. 

Kutscher has shown that many albumins can combine to- 
gether to give complex substances, and it is probable that 
many natural albumins are complexes formed by union of 
simpler molecules. 

(c) The putrefaction of albumins gives rise not only to amino- 
acids, but also to other aromatic and fatty acids {e.g, butyric 
acid, phenyl-acetic acid), indole, skatole, and cresol; further, 
to the alkaloid-like ptomaines (the toxines or poisonous alka- 
loids produced in dead bodies), which include putrescine and 
cadaverine, choline, muscarine, and neurine (p. 203). All of 
these are not poisonous, and many also occur in the vegetable 
kingdom. For a compilation of the ptomaines, see Brieger, 
Archiv. f. patholog. Anatomie, 115, 483. 

Albuminous matters undergo change when acted upon by 
the juices of the stomach at a temperature of 30°-40°, the 
enzyme pepsin converting them in the first instance into anti- 
and hemi-albumoses, both of^which then pass into peptone; 
trypsin, an enzyme of the pancreas, likewise gives rise to the 
two above albumoses, but then transforms the anti-compound 
into peptone and the hemi-compound into leucine, tyrosine, 
aspartic acid and glutamic acid (the pancreatic digestion; for 
details, see Kuhne^ B. 17, Kef. 79). The peptones are readily 
soluble in water, diffuse quickly through vegetable parchment, 
and they are neither coagulated upon heating nor by most 

(B480) 22 
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of the reagents which coagulate albumin, e.g, ammonium 
sulphate, whereas the albumoses are precipitated by this 
reagent. These reactions indicate that the albumoses are 
intermediate between the albumins proper and the simple 
decomposition products already mentioned, and that the 
peptones are intermediate between the same decomposition 
products and the albumoses. Both albumoses and peptone 
possess acidic and basic properties, and may be csterified by 
means of alcohol and hydric chloride, hence they probably 
contain carboxylic groups. 

The different albumoses, e,g, hetero- and proto>albumoses, 
must differ considerabl}'^ as regards constitution, as the former 
yields glycocoll, much arginine, but little histidine, and very 
little tyrosine and indole on hydrolysis, whereas the latter 
yields no glycocoll, equal amount of arginine and histidine, 
and much tyrosine and indole. 

Other methods adopted are to introduce chemical substances 
into the animal system intravenously or per os, and then to 
examine in what form the compound is excreted from the 
system; as examples, bromobenzene is excreted as bromo- 
phenyl-mercapturic acid, and various terpene derivatives are 
excreted in combination with glyciironic acid. 

When soluble salts of iron are allowed to act upon white of 
egg and upon peptone, iron albuminate and iron peptonate 
are respectively produced, these being employed in medicine 
as iron preparations for internal use under the names of liquor 
ferri alhuminati and peptonatL 

The following scheme of nomenclature for proteins is ac- 
cepted by most English-speaking chemical and physiological 
societies : — 

1. Protamines. — The simplest proteins, they include sal- 
mine, sturine, <fec., isolated from fish testicles. 

2. Histones. — These are somewhat more complex than the 
protamines. They can be precipitated by ammonia. 

3. Albumins, e.g, egg albumin, serum albumin from blood 
and nutritive fluids, and lact-a^bumin from milk. These are 
crystalline, dissolve in water, and are not precipitated by 
common salt. They coagulate at 70°-75°. 

4. Globulins are insoluble in water but dissolve in dilute salt 
solution. They can bo salted out by means of magnesium sul- 
phate. Examples : Globulin from the crystalline lens of the eye, 
fibrinogen from blood; fibrin from clotted blood, and myosin 
from the plasma of living muscle are globulin derivatives. 



ALBUMINS 


643 


They are extremely common in higher plants, e.g. legumin 
from seeds of various Leguminosce, edestin of Cannabis sativUf 
conglutin from seed of lupins. 

5. Gluteins are proteins of vegetable origin. They are 
soluble in alkalis, and are closely allied to the globulins. 

6. Gliadins. — Vegetable proteins, soluble in alcohol, e.g. 
gliitein from wheat and hordein from barley. 

7. Fhospho-proteins, e.g. caseinogen, the principal protein 
of milk; casein obtained from caseinogen by the action of 
rennet. They are acidic and do not coagulate. 

8. Sclero-proteins. — Mainly insoluble proteins, which form 
the skeletal parts of tissues, e.g. gelatin from cartilages, chon- 
drin, elastin from ligaments, and keratin from hobfs, nails, 
hair, &c. Sponge and coral contain similar substances. 

9. Corrugated proteins consist of compounds containing a 
protein molecule united to some other group. 

(a) Nucleo-proteins are imporUnt constituents of the cell 
nucleus, e.g. of pus cells, blood corpuscles, and yeast cells. 
They are insoluble in water or acids, but dissolve in alkalis 
and contain combined phosphoric acid. On hydrolysis they 
yield a protein and nuclein, and the latter on further hydro- 
lysis yields a second protein and nucleic acid, and this las^> 
yields the nuclein bases, viz. adenine, hypoxanthine, guanine, 
and xanthine (p. 302). 

Nucleic acid may also be transformed into nuclein bases by 
various enzymes present in the different organs of the animal 
system. Kecent work renders it highly probable that at least 
three distinct enzymes take part in such transformations: 
(a) an oxidase; {b) adenase, which transforms adenine into 
hypoxanthine and xanthine; (c) guanase, \i>hich transforms 
guanine into xanthine. 

(b) Chromo-proteins or HeBmoglobins. — HsBmoglobin is the 

colouring matter of the red blood corpuscles. It can be de- 
composed into globin and hsematin (see below). Ilaimoglobin 
combines very readily with oxygen, e.g. in the lungs, to oxy- 
hssmoglobin, which yields up, its oxygen again, not only in 
the organism, but also in a vacuum and when exposed to the 
action of reducing agents, e.g. ammonium sulphide. With car- 
bon monoxide it combines to the compound, carbon monoxide- 
haemoglobin. All three compounds can be obtained crystal- 
lized in the cold, and they possess characteristic absorption 
spectra. Heemin, C33H3204N4FeCl, is obtained in the form of 
characteristic microscopic, reddish-brown crystals by the action 
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of glacial acetic acid and some common salt upon oxy-hsemo- 
globiii; this is a delicate test for the presence of blood. 
Heematin, a dark-brown powder containing 8 per cent of iron, 
is obtained by the spontaneous decomposition of haemoglobin, 
or by the action of alkalis on haemin, and contains OH in place 
of the Cl atom of haemin. Heematoporphyrin, C33HggO(jN4, 
is the product formed by the action of hydrobromic acid on 
hicmin. 

(c) Gluco-proteins. — The mucins yield albumin and carbo- 
hydrate on hydrolysis ; they are insoluble in water, but possess 
acidic properties. The percentage of nitrogen is less than in 
the ordinary albumins. 

10. Fr 6 tein derivatives, or the products of protein hy- 
drolysis. 

(a) Meta-proteins. — This includes the substances previously 
known as alkali-albumins and acid-albumins, (b) Proteoses, 
including albumoses, globuloses, and gelatoses. (c) Peptones 
(cf. p. 641). (d) Polypeptides (cf. p. 640). 

The changes which protein foodstuffs undergo in the animal 
system have been the subject of much study {Hopkins, J. C. S. 
1916, 109, 629), It is generally agreed that the proteins are 
hydrolysed in the intestine to their ultimate constituents, the 
amino or imino acids, and that these acids are absorbed by 
the blood and carried to the different tissues, where they 
can undergo (1) synthesis to protein compounds, (2) oxidation 
if present in abundance, and (3) conversion to purin derivatives, 
adenine and guanine, and the excretory substances, allantoin 
and uric acid. This conclusion is largely based on the follow- 
ing facts: — (a) completely hydrolysed proteins, e.g. casein, 
are as effective as nutrients as the unhydrolysed proteins; (b) 
in the blood the bulk of the organic nitrogen is present as 
amino acids and not as complex polypeptides or proteins 
(this has been proved by van Slyke by measurements of 
nitrogen evolved by the action of nitrous acid on the 
blood); (c) when food proteins are introduced intact into the 
blood, reactions follow which are quite different from those 
which follow the normal ingestion of food. Experiments 
made on rats to determine which particular amino acids 
are essential indicate that with tryptophan absent, but all 
the other hydrolytic products present in the food, growth 
ceases and death finally ensues. Similarly arginine or histi- 
dine must be present, but not necessarily both. On the 
other hand, the removal of glutamic and aspartic acids from 
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the hydrolysed food does not prevent growth. It is thus 
clear that the animal system is incapable of synthesising the 
indole group (tryptophan), or the guanidine (arginine), or 
iminazole (histidine) groups, and it is essential that the food 
supplied should contain such groups. If arginine is supplied, 
the system appears to be capable of converting this into 
histidine; the close relationship between the two compounds 
is illustrated in the two formulae: — 


CO^H. CH(NH,).CH,.C^^“ 

Histidine. » 




Arginine. 


HN:C.NH« 


For animal nutrition small amounts of compounds known as 
vitamines or advitants {Armstrong) are necessary. The nature 
of these compounds has not been established; the amounts 
necessary are extremely small; and there are at least three 
different substances — {a) present in milk and vegetables, and 
in its absence growth ceases; {h) present in rice polishings, and 
its absence gives rise to beri-beri; (c) present in lemon juice, 
and its absence gives rise to scurvy. (Cf. H, E, Armstrong, 
J. E. S. A. 1919, 67 , 684.) 

Considerable discussion has taken place as to the structure 
of hsemin; cf. Willstatter and M, Fischer, Z. physiol. C. 1913, 
87 , 423; Kuster, ibid. 88 , 377. 

Chlorophyll, the colouring matter of green plants, is closely 
related to hsemin, and much work has been done to ascertain 
its structure, particularly by Willstatter and his pupils (for 
summary cf. B. 1914, 47 , 2831). It consir.ts of two sub- 
stances, a = COOCH 3 '(C 32 H 3 ^,ON 4 Mg)COOC 2 oH 39 , 
fi = COOCH 3 (C 32 H 2 Q 02 N 4 Mg)COOC 2 oH 3 ,), and when either is 
hydrolysed with alkali, methyl alcohol, phytyl alcohol, and the 
salt of a tribasic acid are formed. The magnesium is removed 
from chlorophyll and its derivatives by treatment with acids, 
and the nature of the final degradation products points to the 
presence of four pyrrol nuclei. 


* For S3mthesi3 see Pyman, J. C. S. 1916, 109, 186 ; and for sjmthesis of 
Camosine, jS-alanylhistidine, 

‘ ® • CO • OH, • CHj • NHj) . OO4H, 

cf. also Bargtr and Tutin, Bio. J. 1918, 12, 402; it occurs in Liebig’s extract 
of beef. 
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XLIV. REDUCTION 

Reduction is the name usuall}^ given to a reaction m which 
oxygen is withdrawn fi*om or hydrogen added to a compound ; 
in certain cases both of these processes occur. Numerous cases 
of reduction have been mentioned in the preceding chapters, 
as examples: 

(C 0 H 5 ) 2 *N 2 O, azoxy-benzene, — (CeH 5 ) 2 N 2 , azo-benzene (p. 421); 
(CH 3)2 • CX), acetone, — ► (OHgX • CH • OH, iso-propyl alcohol 

(P-75); 

CeH 5 «N 02 , nitro-benzene, — ► CgHgNHg, aniline (p. 396); 

As the reaction is so general, a more detailed discussion of it 
is given in this chapter. 

In addition to the above reactions, viz. withdrawal of 
oxygen or addition of hydrogen, the process previously 
referred to as inverse substitution (p. 33) — the replacement 
of halogen by hydrogen, e.g, CgH^I — is usually re- 

garded as a type of reduction. 

A. Nascent Hydrogen. — Of the numerous methods that can 
be employed for reduction, one of the commonest is by means 
of nascent hydrogen, Le. hydrogen generated in the presence 
of the substance to be reduced. The fact that the majority 
of these reductions cannot be effected by means of ordinary 
gaseous hydrogen, but can be readily attained by the use of 
hydrogen at its moment of formation, is used as an argument 
in favour of the view that nascent hydrogen consists of the 
free atoms. As nascent hydrogen can be produced in a 
variety of ways, it follows that reductions by this method 
can be conducted under very varying conditions; and it is of 
extreme importance to note that the conditions are a prime 
factor in determining the nature of the product. It has 
already been pointed out that the reduction of nitro-benzene 
can give rise to azoxy-benzene, azo-benzene, phenyl-hydroxyl- 
amine, or aniline, according to the conditions under which the 
reaction occurs; and similar phopomena have been mentioned 
in the case of the reduction of terephthalic acid (p. 496). 

Reductions by means of nascent hydrogen may take place 
in acid, alkaline, or neutral solution, and this affords a simple 
method of classification for these reactions. 

(a) Reduction in Acid Solution. — Almost any combination 
of acid and metal which gives rise to nascent hydrogen may 
be employed for this purpose; but the usual combinations are 
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tin and hydrochloric acid, zinc and hydrochloric acid, zinc and 
acetic acid, zinc dust and acetic acid, iron and acetic acid. 

The usual method employed in the laboratory for the 
reduction of nitro-compounds to the corresponding amino- 
compounds (see Aniline) is by means of tin and hydrochloric 
acid. The metal is first converted into stannous, and then 
into stannic chloride: 


Sn + 2HC1 = SnClj + 2H; 

SnClo + 2HCl = SnCh + 2H; 
CoHgKOa + eH = CeHg.NH^-f 2H2O; 
or CeH,(N02)2 + 12H = CeH4(NH2)2 + 4 H 2 O. 


The method has certain objectionable features whitjh render 
it unsuitable for use on the manufacturing scale. Among 
these may be mentioned (a) need for large excess of concen- 
trated acid, and the fact that this acid will subsequently have 
to be neutralized, (b) The strong acid is liable to react with 
the reduction product, yielding halogenated amines. The in- 
troduction of the halogen into the benzene nucleus probably 
occurs in the following manner: — 

CgHfi.NOa — CflHg.NH.OH CeH^.NHa a.C«H4.NH, 

(Bamberger), Such chlorinated amines are always liable to be 
lormed when concentrated hydrochloric acid is used in com 
bination with a metal for the reduction of nitro-compounds. 
(c) The reduced compound often combines with the stannic 
chloride to form a double salt, e,g. CgHg-NKg, HCl, SnCl 4 , 
and certain of these are somewhat ditiicult to decompose. 

Aliphatic nitro-derivatives may also be reduced to amines 
by this method, except in cases where two •nitro-groups are 
attached to the same carbon atom, when a ketone is formed. 
Other examples are the conversion of cjrclic derivatives into 
hydro-derivatives, e,g, |7-hydroxy-quinoline to tetralwdro-^- 
hydroxy-quinoline, and of sulphonic chlorides, R-SOg-Cl, into 
ihio-phenols, R-SH. 

In many cases tin-foil is stilted to be preferable to granu- 
lated tin, as it exposes a larger surface, and occasionally 
alcoholic solutions of the hydrogen chloride are used in place 
of aqueous. Stannous chloride and hydrochloric acid occa- 
sionally give better yields than tin and acid; thus nitro 
methane is reduced to methyl-hydroxylamine, and the method 
has been recommended for the estimation of nitro-groups. 
An excess of standard stannous chloride solution is used, and 
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the excess titrated after the reduction is complete^ each nitro- 
group requiring 3 gram molecules of stannous chloride. 

Stannous chloriae is sometimes used without the addition 
of free acid; thus Witt^ by reducing amino-azo-benzene with 
alcoholic stannous chloride, obtained aniline and ^phenylene- 
diamine : 

CeH6.N:N.CeH4.NH, + 4H = CflHg.NHj + NH2-CflH4.NH2. 

(Compare also Jacobson^ A. 1895, 287, 100.) 

^ Most of the objections referred to in connection with the 
reduction of nitro-derivatives by means of tin and hydro- 
chloric acid may be avoided by using iron and acetic acid or 
dilute hydrochloric acid. This method is usually adopted on 
the manufacturing scale, as only a small amount of acid, some 
one-fortieth of that indicated by the equation, 

CflHfiNOj -f 3Fe + 6Ha = CeHg.NHa + SFeCl^ -f 2 H 2 O, 

is required. The reason for this may be that the ferrous 
chloride reacts with the aniline and water, yielding ferrous 
hydroxide and aniline hydrochloride: 

FeClj + SCeHfiNHa + SHjO = Fe(OH)2 + SCeH^NHa, HCl. 

The hydrochloride then reacts with more iron, producing 
ferrous chloride and nascent hydrogen, which can reduce 
more of the nitro-compound (cf. p. 3^96). 

The iron method possesses further advantages, as the 
reduction can be regulated much more readily than in the 
case of tin and acid. Thus ^nitro-acetanilide reduced by 
the iron method rives the corresponding amino-compound, 
NH 2 *CgH 4 -NIL^CO-CHg, whereas with tin and hydrochloric 
acid hydrolysis and reduction both occur, and the product is 
p-pheny 1 ene-diamine. 

Iron and acid may also be employed for the reduction of 
aromatic polynitro-compounds to amino-nitro-derivatives: 

CeH4(N02)2 — NH2.CeH4.NO2, 

but such a reduction is almost impossible with tin and acid. 

Zinc, as granulated zinc, or more frequently as zinc dust, is 
also used in conjunction with acids, usually hydrochloric or 
acetic. When concentrated hydrochloric is employed, chlorine 
is apt to enter the benzene ring (cf. p. 647); with glacial acetic 
acid {KrafflSy B. 1883, 16, 1715) acetyl derivatives are formed 
occasionally instead of the simple reduction products. For 
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example, when aldehydes are reduced, alkyl acetates and not 
alcohols are formed: 

K-ClIO + aH + CHa-COgH = R-CHg-O.CO.CHg + HgO, 

and when nitro-derivatives are reduced, acetylated amines are 
obtained. Although aliphatic ketones cannot be reduced by 
this method, all ketones containing one or two benzene nuclei 
directly attached to the carbonyl group are readily reduced to 
pinacones (p. 198). Hydroxy-derivatives of anthraquinone 
may also be reduced in a similar manner, one or more of the 
hydroxy-groups being replaced by hydrogen, and aliphatic 
nitro-derivatives, such as nitro-guanidine, NH:C(NH2)*NH* 
NO.,, may be reduced to the corresponding amino-cotnpounds. 

Hydrochloric acid and amalgamated zinc reduce ketones of 
the type of acetophenone to the corresponding hydrocarbons, 
and the reaction is of special interest for the preparation of 
certain substituted phenols, e,g, ^-ethylphenol, OH-CgH^-CH^ 
• CH3, from ^-hydroxy acetophenone (B. 1913, 1837; 1914, 51). 

A transformation occasionally effected by means of zinc dust 
and glacial acetic acid is the removal of two atoms of halogen 
and the conversion of a saturated compound into an olefine, 
e,g, tetramethy 1-ethylene dibromide into tetramethy 1-ethylene : 

CMegBr.CMegBr-f 2H = 2HBr -f CMegiCMeg. 

All peroxides (p. 188) are readily reduced by this method, 
e.g, diethyl-peroxide, Et.^Og, to ethyl alcohol (or ethyl acetate). 

Dilute acetic acid is frequently used with zinc dust. This 
is the usual method adopted for the reduction of osones to 
ketoses {Fischer) (p. 314): 

R.CO-CHO + 2H = R.CO.CHg-eH. 

It is also extremely useful in the preparation of hydrazines 
from nitrosamines and nitramines, e,g, Fischer (A. 1886, 236, 
198) obtained methyl-phenyl-hydrazine, NPhMe-NHg, by the 
reduction of methyl-phenyl-nitrosamine, NPhMe-NO. Other 
reducing agents, e.g, metal and concentrated hydrochloric 
acid, stannous chloride, zinc dust and alkali, are all liable to 
carry the reduction a stage further and yield a mixture of 
ammonia and amine: 

NPhMe.NH2 + 2H = NHPhMe -f NH3. 

An extremely interesting example of the influence of the 
reducing agent and the method of reduction on the nature 
of the final product is met with in the case of nitro-benzyl- 
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phenyl-nitrosamine, NO 2 • 0^,114 • CHg* NPh* NO. With tin 
and hydrochloric acid it yields phenyhindazole, 



with sodium amalgam in alkaline solution, o-amino-benzyl- 
aniline, NH 2 ‘CgH 4 *Cn 2 «NHPh, and ammonia; and with zinc 
dust and glacial acetic acid, o-amino-benzyl-phenyl-hydrazine, 
NH2-CoH^.CH2-NPh.NH2. {Busch, B. 1894, 27 , 2899.) 

^With zinc dust and dilute sulphuric acid the reaction is 
somewhat slower than with acetic acid; with these reagents 
sulphonic, chlorides may be transformed into thio-phenols, or 
the reaction may proceed a stage further and the sulphur be 
completely removed. 

Zinc dust and concentrated sulphuric acid are occasionally used 
for the reduction of nitro-compounds, and in all cases the pro- 
duct is an amino-hydroxy- and not a simple amino-derivative i 

CeHg.NOa 

N02-CoH 4.CX32H NH2-Ce,H3(0H).C02H. 

Probably a phenyl-hydroxylamine is first formed, and this then 
yields the amino-phenol (cf. p. 421): 

CeHs-NOg — CgH^-NH.OH — OH.C0H4.NH2. 

When zinc or zinc dust and any acid are added to the 
nitrate of an aromatic amine, a diazonium salt is formed: 

CoHg.NHa, HNO3 + Zn + 3HC1 = ZnClg + C0H0N2CI + SHgO. 

Sodium amalgam is sometimes used as a reducing agent in 
the presence of .acid; thus with acetic acid it is used for the 
reduction of hydrazones to primary amines: 

EjEg.CrN.NHPh — EjEgCH.NHa. 

Eeductions by means of sodium amalgam and dilute sulphuric 
acid have been largely used by E, Fischer in his synthetical 
work on the sugars, since the lactones of hydroxy-acids when 
reduced in this way at O'" yield aldoses (pp. 314, 315): 

X . CH . CH(OH) . CH(On) • CO —X . CH(OH ) . CH(OH) . CH(OH) . CH : O. 

\ O 

A very common acid reducing agent is hydriodic acid, its 
reducing action being attributed to the decomposition of the 
hydrogen iodide into iodine and nascent hydrogen at moderate 
temperatures. The method was first introduced by Berthelot^ 
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who, in his earlier experiments, used the acid alone ; but when 
he found that the liberated iodine interfered with the reduc- 
tion by giving rise to iodo-derivatives or by oxidizing, he 
added red phosphorus or sometimes phosphonium iodide. 
The function of the phosphorus is to combine with the iodine 
immediately it is liberated from the hydrogen iodide, and 
thus form phosphorus tri-iodide, which is then decomposed by 
the water present, yielding hydrogen iodide and phosphorous 
acid. Phosphonium iodide is often formed as a by-product in 
these reductions. With hydriodic acid alone, practically ^11 
oxygen compounds are reduced to saturated hydrocarbons at a 
temperature of 275°, the reduction being conducted in sealed 
tubes, e.g. glycerol yields propane. Amines are h,lso trans- 
formed into paraffins, e.g. methylamine yields methane. 

When hydriodic acid and phosphorus are used, the reduction 
can either take place in open vessels, e.g. a flask with reflux 
condenser, or in sealed tubes if a higher temperature is required. 
As examples of the former we have the following: — CHIg — ^ 
CH2I2; anthraquinone — dihydro-anthracene ; benzilic acid, 
OH •0Ph2 *00211 diphenyl-acetic acid, CHPh2*C02H; tri- 

hydroxy-glutaric acid, C02H*[CH*0H]3*C02H — ► glutaric 
acid ; mixed ketones, e.g. • CO • CHg — ► hydrocarbons. 

As examples of the latter we have the conversion of fatty 
acids, from CgHi^-COgH upwards into paraffin-hydrocarbons, 
the reduction of anthracene to hydro-anthracenes, and of 
hydroxy -hexamethylene carboxylic acid, OH-C^HjQ'COgH, 
to hexahydro-benzoic acid, CgHji-COgH. 

Hydriodic acid is not a good reducing agent for nitro-com- 
pounds; as a rule it leaves the nitro-group intact, e.g. nitro- 
benzene-sulphonic chloride, N02*CgH4*S0*2Cl, yields first 
N O2 • OgH^ • SO • SO • CgH. • NOg, and ultimately iw-dinitro- 
dipheny 1-disulphide, NO.^ • CgH . * S * S * CgH^ * NOg. 

Concentrated sulphuric acid and aluminium form a con- 
venient reagent for reducing the CO groups in benzophenone, 
and anthraquinone to CH*OH groups (M. 1917, 38, 11). 

{h) Nascent Hydrogen in Alkaline Solution. — One of 
the commonest methods is the addition of metallic sodium, 
in the form of wire or thin strips, to boiling ethyl alcohol; 
as a rule it is necessary to use absolute alcohol, as the 
presence of water diminishes the yields. As examples, we 
have the reduction of nitriles to primary amines, R*CN 
— ^ R'CHo'NHg (p. 109), of esters to alcohols (p. 75), of naph- 
thalene to Sihydro-naphthalene, of pyridine to piperidine (p.567). 
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although quinoline is not so readily converted by this process 
into tetrahydro-quinoline, and lastly, of various benzene deriva- 
tives, e,g. wi- hydroxy -benzoic acids into corresponding hexa- 
hydro-derivatives, i,e, derivatives of hexamethylena When 
a higher temperature is required than can be attained with 
ethyl alcohol, boiling amyl alcohol is used {Bamberger), By 
this method naphthalene and its derivatives may be converted 
into their tetrahydro-compounds, e,g, the naphthols, C^qH^ • OH, 
into tetrahydro-naphthols, CioH„.OH. 

It is interesting to note that the chief reduction product 
obtained from a-naphthylamine is ar-tetrahydro-a-naphthyla- 
mine (I), and from )0-naphthylamine a mixture of ar- and ac- 
tetrahyarV)-derivatives (II and III): 



Similarly phenanthrene is reduced to its tetrahydro-deriva- 
tive, anthracene to its dihydro-compound, and the benzene 
carboxylic acids to di-, tetra-, or hexahydro-derivatives, accord- 
ing to the temperature and other conditions of reduction 
(cf. p. 495); with sodium and boiling amyl alcohol, benzoic 
acid yields mainly CgHij-COgH. In a few cases, when sub- 
stituted benzoic acids are reduced by this method, a rupture 
of the ring occurs and an aliphatic acid is formed. One of the 
best-known examples is the reduction of salicylic acid to pimelic 
acid (p. 368); in this case it may be assumed that a tetra- 
hydro-salicylic acid is first formed, and that by the addition 
of the elements of water this is converted into pimelic acid: 




Although aniline cannot be converted into its hydro-deriva- 
tives by this method, aniline-o-sulphonic acid yields a hexa- 
hydro-derivative. In place of alcohol moist other is sometimes 
used in conjunction with sodium. This is generally accom- 
plished by adding the metal to ether floating on water, or 
better, on a solution of sodium bicarbonate. Dibenzyl ketone 
can thus be reduced to dibenzyl-carbinol, mesityl oxide to 
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methyl-isobutyl-carbinol, and acid chlorides, R«COCl, to the 
corresponding alcohols, R'CHa-Oll. 

Sodium amalgam may be used in place of sodium itself, as 
a rule in combination with water; the amalgam is added 
gradually and the mixture kept agitated, and a small amount 
of alcohol is added, if necessary, to prevent frothing. By this 
method, benzene and its derivatives may be reduced to di- and 
tetrahydro-compounds. Many olefine derivatives are reduced 
to saturated compounds, e,g. cinnamic acid, CaHj-CHrCH* 
COgH, to phenyl-propionic acid, C^H.-CHg-CHg-COgH, and 
ketones to secondary alcohols. Alcohol is occasionally a better 
medium than water, and by this method azo- may be reduced 
to hydrazo-compounds (p. 419), and benzaldehydfC and its 
substituted derivatives into benzyl alcohols. 

In many instances the alkali formed by the action of the 
metal on water or alcohol has a deleterious action on the pro- 
ducts of reduction, and it becomes necessary to neutralize the 
alkali as far as possible. This may be eftected by the occasional 
addition of mineral acid, but is most readily accomplished by 
Ai^charCs method of leading carbon dioxide through the liquid 
as the reduction proceeds, and in this way converting the 
sodium hydroxide into bicarbonate as fast as formed. It is 
the method often used in the reduction of phthalic acids, &c., 
and may also be employed for converting naphthalene and 
resorcinol into their dihydro-derivatives, and benzoic acid into 
its tetrahydro-compound. 

Zinc and alkali are often used to reduce aromatic ketones 
to secondary alcohols, e.g. (CeH 5 ) 2 CO — ^ (CgH 5 ) 2 CH • OH ; 
whereas when zinc and acetic acid are used, the corresponding 
pinacones, (CeH 5 ) 2 C(OH) • C(OH)(C,H6).„ are ^formed. Alkali, 
especially sodium hydroxide, mav oe us(‘fi with zinc dust; the 
usual method being to keep the alkali and substance well 
stirred, and to add the zinc dust gradually. As examples we 
have: Anthraquinone anthranoT; fatty diazo-compounds — 
hydrazo-compounds; o - nitraniline — *■ o-phenylene -diamine. 
Further examples are the dehalogenating of aromatic compounds 
and the preparation of azoxy- and azo-compounds (p. 421). 

(c) Nascent Hydrogen in Neutral Solution. — Many reduc- 
tions take place most readily in the absence of free acid or free 
alkali, and may be effected by the following reagents : — (i) Zinc 
filings or granulated zinc and alcohol, e.g. /?-bromo-allo-cinnamic 
acid — allo-cinnamic acid (p. 480) . (ii) Gladstone-lVil)e couple, 
in the reduction of alkyl haloids to paraffins (p. 33) ; (iii) mix- 
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ture of zinc and iron, in the presence of certain metallic salts, 
e.g, acetone — ^ isopropyl alcohol; (iv) zinc dust and water (or 
alcohol), which may be used for reducing azo-dyes to mixtures 
of amines, e.g, chrysoidine, NPh:N*C(^H 3 (NH 2 ) 2 , to aniline 
and triamino-benzene, and also for reducing aromatic nitro- 
compounds to the corresponding hydroxylamines, e.g, 

NOo — CjjHg'NH'OH, a reaction which proceeds extremely 
readily in the presence of ammonium chloride solution. Tlie 
same reagents are extremely useful in converting sulj)honic 
chlorides into sulphinic acids, C^^Hg-SOgCl — C^-Hg-SOgH. 
(v) Aluminium amalgam (Cohen and Ormandy^ B.A. Keport, 
1889, 550) is also a useful neutral reducing agent in 
the presence of water; by this method nitro-derivatives are 
readily transformed into hydroxylamines, and ketones to 
secondary alcohols. 

Benzophenone reduced in acid solution gives benzopinaconc, 
OH-CPhg-CPhg-OH, in alkaline solution benzhydrol, CPho 
• CH«OH, and in neutral aqueous solution with aluminium 
amalgam and alcohol, a mixture of 66 per cent of the latter 
and 33 of the former. 

B. Among other chemical methods we may mention heating 
with metals. Thus azo-benzene is formed when azoxy -benzene 
is heated with metallic iron, anthracene when alizarin is heated 
with zinc dust, and pyrrole when succinimide is heated with 
the same reagent. In all these cases the metal abstracts 
oxygen and is converted into an oxide. It is a method fre- 
quently adopted when dealing with unknown complex sub- 
stances and it is desired to know from what simpler compounds 
they are derived. 

Alcohol alonef as in the conversion of diazonium salts into 
hydrocarbons (p. 411): 

CeHgNgCl + CH3.CH2.OH = CgHg -f Ng + HCl + CH3.CHO. 

Sodium ethoxide, or often alcoholic potash, for the reduction 
of nitro-compounds to azoxy- or azo-compounds (De Bruyin)^ 
and also for reduction of deoxy-benzoin and other aromatic 
ketones to secondary alcohols, e,g, hydroxy-dibenzyl : 

CeH6.CO.CH2.CeH3 — CeH6.CH(OH).CH2.CeH6. 

Sodium stannite, obtained by adding an excess of sodium 
hydroxide to stannous chloride, is employed for preparing 
azo-compounds from nitrated hydrocarbons, for the reduction 
of diazonium salts to hydrocarbons, e.g, benzene from benzene 
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diazonium chloride. It reduces ^nitro-benzyl chloride to 
dinitro-di benzyl, the nitro-groups remaining intact; 

2NO.^.CoH4.CHa(.1 — ]S102-C6H4.(JH2-CH2.CeH4.N02. 

Hydrogen sulphide, or more frequently ammonium sulphide, 
in alcoholic solution {Cohen and M^Candlishy J. C. S. 1905, 
1257), is made use of for the reduction of nitro- and nitroso- 
derivatives to amines, and is especially useful when several 
nitro-groups are present and it is required to reduce only one, 
e.g. C,H 2 Me(NO ,)3 

NH 3 *C(jH 2 Me(N 02 ) 2 , &c._; also o-nitro-cinnamic acid — ^ *- 
hydroxy-quinoline or carbostyril (p. 580). In many cases 
sulphur-derivatives are formed instead of simpler .reduction 
products, especially with ketones or aldehydes. 

Sulphurous acid is used in reducing quinones to quinols, e.g. 

C,HA + H2SO3 -t- H2O = C,H4(0H)2 + H2SO4; 

and sodium hyposulphite, NagS^O^, is an extremely useful 
reagent for preparing leuco-compounds from dyes. 

Ferrous sulphate and ammonia form a convenient reducing 
agent for certain nitro-compounds, e.g. nitro-phenylacetic acids. 

C. Catalytic Beduction, or reduction by means of hydro- 
gen in presence of finely-divided metals. The catalytic action 
of finely-divided substances, especially platinum black, in the 
combination of sulphur dioxide and oxygen, or hydrogen and 
oxygen, or in the decomposition of hydrogen peroxide, is 
well known. In a similar manner, numerous carbon com- 
pounds, when mixed with excess of gaseous hydrogen and 
passed over a layer of platinum black at a moderate tem- 
perature, undergo complete reduction. 

The action of other metals in a fine state of division has 
been investigated in recent years (1897-1919) by Sabatier and 
Senderens. They find that nickel, cobalt, copper, and iron can 
act in somewhat the same manner as platinum black, and that 
of these nickel is the most efficient. It is necessary that the 
metal shall be in an extremely fine state of division, and this 
is accomplished by reducing *the metallic oxide in a current 
of hydrogen at a temperature of about 300^ The jubstance 
to be reduced is usually vaporized, mixed with excess of 
hydrogen, and passed over the metal heated to a temperature 
which varies somewhat with the different substances, but 
usually lies between IGO"" and 250°. A few grams of the 
metal are usually sufficient, and it retains its activity for a 
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long time. The finely-divided metal appears to transform 
the hydrogen into an active condition comparable with what 
is usually termed the nascent state. In some cases it is 
advisable to deposit the nickel on a suitable medium such 
as infusorial earth, pumice, asbestos, or a membrane. When 
infusorial earth is used as a support, it is found that in aqueous 
or aqueous-alcoholic solutions reduction occurs at the ordinary 
temperature (B. 1916, 49 , 55). 

Of the numerous reductions which have been accomplished 
by this process, we may mention the following: — Carbon 
iwonoxide at 200"^ and carbon dioxide at 300° are reduced to 
methane and water. Ethylene, propylene, ^-hexene, a-octene, 
&c., are quantitatively reduced to the corresponding paraffins. 
Acetylene at 150° and a-heptinc at 170° yield ethane and 
heptane respectively. Aromatic hydrocarbons, e.g, benzene, 
toluene, xylene, cymene, at 180° yield their hexahydro-doriva- 
tives. Ethyl-benzene reacts in a somewhat curious manner; 
it appears to be first reduced to its hexahydro-derivative, 
*02115, but this is partially reduced to • CHg and 

CH4. Similarly phenyl - acetylene, • C • CH, yields a 
mixture of ethyl - cyclohexane, methyl - cyclohexane, and 
methane. The terpenes — limonene, sylvestrene, terpinene, 
menthene — all yield ^methyl-isopropyl-cyclohexane. Pineno 
yields a dihydro-derivative and naphthalene a tetrahydro- 
compound, and this with more hydrogen, dekahydro-ria2)h- 
thalene, CioH^g (Leroux), 

Aliphatic nitriles at 180°-200° yield primary amines, and 
finally secondary and tertiary amines and ammonia: 

K-CN — E.CHg-NHg; 2E.CH2-NH2 — (K.CH2)2NH + NHg. 

Aromatic nitriles yield ammonia and an aromatic hydro- 
carbon :—CgH.CN + 3H2 = CA-CHo + NHg. 

Aromatic cjbloro-derivatives are readily dchalogenized at 
temperatures above 270°: — CgHgCl — CgHg, and similarly for 
polychloro-derivatives. The presence of CH3, OH, and NHg 
groups appears to facilitate reduction : 

Cl.C0H4.NO2 — CoHo.NHg, HCl. 

Aliphatic nitro-compounds at 150°- 180° yield the corre- 
sponding primary amines, but at higher temperatures paraffins 
and ammonia. Aromatic nitro-compounds are best reduced 
in presence of copper at 300°-400°; in this manner nitro- 
benzene yields aniline and a-nitro-naphthalene a-naphthyl- 
amine and o-nitro-phenol a-amino-phenol ; whereas, when nickel 
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is used, a-nitro-naphthalene yields ammonia and tetrahydro- 
naphthalene. 

Phenol, o-cresol, thymol, and carvacrol at 170'"~180'' are 
reduced to their hexahydro-derivatives, as are also methyl- 
and ethyl-anilines. Aniline at 190° also yields its hexahydro- 
derivative, cyclohexylamine, C0lL|*NH2, but at the same 
time dicyclohexylamine, (CgHji)2NH, and cyclohexyl-aniline, 
CgHj^-NH-CgHg, are produced. Schiff^s bases (p. 450) and 
reduced nickel at 200°-230° give hydrocarbons and secondary 
amines, e.g. Ph-NH-CHgPh from benzylideneaniline, together 
with a little aromatic hydrocarbon (toluene) and base (aniline*) 
(Maihle, Bull. Soc., 1919, 25, 321). 

At moderate temperatures (130°-160°) polyhydrie phenols 
yield corresponding hexahydro-derivatives. 

Alcohols are formed by the reduction of aldehydes and 
ketones at temperatures slightly above their boiling-points, 
e.g. {C,}i,),GO 

Olefine derivatives are I'eadily transformed into the corre- 
sponding saturated compounds at moderate temperatures, and 
compounds of the aromatic series, e.g. cinnamic acid, can be 
reduced to saturated compounds without the benzene nucleus 
being affected. Unsaturated ketones, e.g. mesityl oxide and 
phorone, can be reduced to the corresponding saturated 
ketones. Diketones yield various products: thus diacetyl at 
140°-.! 50° yields a mixture of hydroxy ketone and glycol; 
acetonylacotone yields the anhydride of the corresponding 
glycol; benzil, benzoin, and benzoylacetone yield the corre- 
sponding hydrocarbons. Lgevulic acid yields valerolactone, 
quinones yield quinols, and carbylamines, alkyl isocyanates, 
and oximes yield mixtures of amines, mainly secondary. 
(Sabatier and SenderenSj Annales, 1905 [yiii], 4 , 319 ; Sabatier 
and Maihle, ibid. 1909, 16 , 70; Sabatier^B. 1911, 44 , 1984.) 

With a slightly active nickel at 300°-350°, ketones of the 
type benzophenone and phenyl benzyl ketone yield the aro- 
matic hydrocarbons, e.g. diphenylmethane and 5-diphenyl- 
methane. With a more active qickel at 170°, the benzene nuclei 
are also reduced (Sabatier and Murat, C. R. 1914, 158 , 760). 

According to Boeseken and van Senden (Rec. trav. 1913, 32 , 
23), both heptaldehyde and n-heptyl alcohol when heated with 
nickel at 220° yield 7i-hexane together with CO. 

The reduction of oils containing appreciable amounts 
of glycerides of unsaturated acids (p. 164) by means of 
finely -divided nickel and hydrogen is now a process of con- 
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siderable commercial importance, as it is the basis of the 
method for obtaining butter substitutes from vegetable oils. 
The oil and reduced nickel are heated to about 180° and the 
hydrogen passed into the mixture, frequently under slight 
pressure, and the whole kept well agitated. After removal oi 
the catalyst, the product is churned with a little milk and 
coloured, in order to give it the colour and taste of butter. 
If the reduction is continued for a longer time, extremely hard 
solids are obtained, and these can be used for the manufacture 
of candles. 

^ Palladium and Platinum. — These metals can be used eithei 
in the finely -divided form, e.g, molecular platinum and platinum 
black, or *111 the colloidal form. 

Fokin (Abs. 1908, ii, 637) determines the hydrogen value of 
unsaturated compounds by ascertaining the volume of hydro- 
gen absorbed by an alcoholic solution of a given weight of the 
compound when well shaken with the gas in the presence of 
molecular platinum. 

milstaiter and others (B. 1912, 45, 1471; 1913, 46, 527: 
1918, 51, 767) have reduced numerous benzene derivatives by 
means of platinum black and hydrogen, and find that these 
compounds are not reduced so readily as olefine derivatives; 
the most convenient method of bringing about the reduction 
is to shake a glacial acetic acid solution of the aromatic com- 
pound with the metal and hydrogen at the atmospheric 
temperature and pressure. Certain substances, such as sulphur 
or thiophene, completely prevent reduction. Benzene and its 
homologues yield hexahydro-derivatives, phenol gives cyclo- 
hexanol and cyclohexane, aniline gives ammonia, cyclohexyla- 
mine, and dicy/;lohexylamine. Benzoic acid is more readily 
reduced than benzene to its hexahydro-derivative, and pyrrole 
gives pyrrolidine. Naphthalene appears to be immediately 
reduced to its decahydro-derivative, as the products isolated 
were always unaltered naphthalene and decahydronaphtha- 
lene, whereas dihydronaphthalene when treated in the same 
manner gives tetrahydronaphthalene with great readiness, and 
then more slowly the decahydro compound. These results do 
not support the structure No. Ill for naphthalene given on 
p. 524. Extremely interesting results are obtained with the 
anhydrides of (^dicarboxylic acids. With such compounds, 
e,g. phthalic anhydride, it is found to be necessary to open the 
flask occasionally in order to saturate the metal with oxygen ; 
the reduction then proceeds regularly. Among the first pro- 
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ducts formed are phthalide (p. 489) and o-toluic acid, and 
finally hexahydrophthalide, hexahydro-o-toluic acid, and hexa- 
hydrophthalic acid are obtained, indicating that the anhydride 
ring is reduced more readily than the benzene nucleus. 
Traces of phthalic anhydride inhibit the reduction of benzene 
unless the metal is activated by oxygen. Phthalic acid itself 
is readily reduced in the absence of oxygen, provided no trace 
of anhydride is present. Indole in the same solvent gives 
octahydroindole. According to Hess (B. 1913, 46, 3113), the 
presence of oxygen retards the reduction of pyrrole-deri- 
vatives. * 

For many purposes, e.g. reduction of acetylene-derivatives, 
platinum is less effective than palladium {Paal^ B. *1918. 61, 
640). 

Colloidal palladium. — Pad and Gerum (B. 1907, 40, 2209) 
show that when hydrogen is passed through an alcoholic 
solution of nitrobenzene mixed with a small amount of colloidal 
platinum, a 50-per-cent yield of aniline can be obtained at 
temperatures between 65"^ and 85°. They also show (B. 1908, 
41, 2273; 1909, 42, 1553, 2244, 3930) that unsaturated acids 
and esters, e,g, fumaric acid, maleic acid, cinnamic acid, and 
methyl cinnamate, can be reduced to their saturated analogues 
by passing hydrogen into their alcoholic solutions at the 
ordinary temperature, provided small amounts of colloidal 
platinum or palladium, or even of palladium black, are present. 
They have used the method for converting unsaturated oils 
(oleic acid derivatives) into saturated glycerides. A, Skita 
prepares the colloidal palladium by the addition of gummi ara- 
bicurn to a slightly acidified solution of palladous chloride, and 
shows that unsaturated ketones are converted into saturated, 
that citral yields citronellal and citronellol, and that many 
alkaloids take up hydrogen (B. 42, 1627 ; 44, 2862). 

The reduction proceeds most rapidly when the hydrogen 
is under an increased pressure of 0*25 to 1 atmosphere. 
(Skita and Bitter, B. 1910, 43, 3393.) By this method un- 
saturated ketones are reduced tp saturated without the carbonyl 
group being affected: — r;2-pulegonc — *• c?-menthone, mesityl 
oxide — > methyl-isobutyl ketone. An exception is met with 
in phorone (p. 143), which yields di-isobutyl carbinol. If, 
however, a smaller pressure is used, the reduction stops at the 
formation of the saturated ketone, valerone. Similarly in the 
other cases, if the pressure of the hydrogen is increased, a 
saturated secondary alcohol is obtained. Cyclic ketones and 



660 


XLIV. REDUCTION 


aromatic aldehydes can be reduced to alcohols, using a pres- 
sure of 5 atmospheres. Skita (B. 44, 2862, and Chcm. Zeit., 
1911, 36, 1098) shows that in many cases a solution of palla- 
dous chloride in hydrochloric acid can be used, instead of the 
colloidal metal, with equally good results. 

Hydrogen and palladinized charcoal have been used for 
reducing aminoalkylketones, e,g, R-CO-CHg-NHo, to the 
corresponding carbinols, R*CH(OH)'CH 2 'NH 2 (Arch, pharm. 
1915, 253, 181), and palladinized barium sulphate and hydro- 
gen reduce acid chlorides to aldehydes (p. 185). Palladium 
t)r platinum in a fine state of division, e,g, deposited on 
barium sulphate, or infusorial earth, reduce unsaturated 
alcohols, •aldehydes of the open chain terpene series to the 
corresponding saturated analogues without destroying the 
CH2*0H, CHO, or COgH groups {Paal, Chem. Zeit. 1917, ii, 
145). 

When aromatic alcohols, aldehydes, or ketones are reduced 
catalytically in acetic acid solution in the presence of colloidal 
platinum, the products are usually hydrocarbons, e,g, benzal- 
deliyde yields toluene and its hexahydro-derivative. If the 
Oil, Clio, or CO groups are protected, then their hexahydro- 
derivatives are formed, €»g. benzylideneaniline gives hexahydro* 
benzaldchyde, phcnylethyl acetate gives R - cyclohexylethyl 
alcohol, • CH2- CHg -OH. 

When cinnamaldehyde is reduced in the presence of palla- 
dous chloride and gum arabic in aqueous solution, the pro- 
duct is mainly phenylpropaldehydc; with acetic acid as solvent 
and with PtCl^ and gum arabic, y-pbenylpropyl alcohol is 
formed; and with more PtCl^, y-cyclohexylpropyl alcohol. 

Hydrogen lyider High Pressures. — fyatieff (R 34 , 596, 
3579; 35 , 1047, 1057; 36 , 1990, 2003, 2014, 2016; 37 , 2961, 
2986; 40 , 1270, 1281, 1827; 41 , 991, 993, 996, 1001; 42 , 
2089, 2092, 2097 ; 46 , 3205, 3218) has studied the reduction 
by numerous carbon compounds with hydrogen under pressures 
of 100-120 atmospheres in the presence of various catalysers, 
more especially nickel and palladium. 

A special iron or gun-metal bomb has been constructed for 
this purpose, and can be heated to the required temperature 
in an electric furnace. Of the catalytic agents investigated, 
namely, iron, nickel, copper, alumini\im, nickelous and nickelic 
oxide (NigOg), the last named was found to be most effec- 
tive, and only 2-3 grm. were required for 20-30 grm. of the 
substance to be reduced. The oxide may be used a second 
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time, but afterwards is less active; analysis of the recovered 
oxide indicates that only a comparatively small amount of 
reduction to metallic nickel has taken place. In most cases 
the best temperature is 230°-260°. Under such conditions, 
acetone yields pure isopropyl-alcohol; acetylacetone, the glycol, 
CH 3 .CH( 0 H).CH 2 .CH( 0 H).CH 3 ; phenol, hexahydrophenol; 
diphenyl, dicyclohexyl; naphthalene, tetra- or dekahydro- 
naphthalene; dibenzyl, dicyclohexylethane; a- and ^-naphthols, 
a- and /:?-dekahydronaphthols, and similarly for sodium p- 
naphthioate; benzophenone, diphenylmethane; sodium benzoate^ 
sodium hoxahydrobenzoate (60 per cent yield of pure acid); 
aniline, hexahydroanilinc (50 per cent yield) ; diphenylamino, 
dicyclohexylamine, (CgHjj) 2 NH; quinoline, dekahyliroqiiino- 
line; anthracene, perhydroanthracene, 6 ^ 41124 ; phenanthrene, 
perhydrophenanthrene, CJ 4 H 24 ; aceriaphthene, dekahydroace- 
naphthene. Olefines are reduced to paraffin derivatives, aqueous 
solutions of reducing sugars to the corresponding alcohols, and 
cyclic ketones to the corresponding hydrocarbons. 

Ipatieff claims that this method is much better and yields 
purer products than Sabatier and Senderens' method (p. 655). 

Catalytic dehydrogenation can occur with finely -divided 
nickel at high temperatures, e.g, 350°-360° cyclohexene yields 
benzene and menthene cymene {Sabatier and Gandioriy C. E. 
1919, 168 , 670. Chap. XLIX). 

D. Electrolytic Reduction. — This reduction is effected by 
the cathodic hydrogen produced by the electrolysis of aqueous 
solutions of acids or alkalis. The actual products formed are 
dependent not merely on the substances reduced, but also 
upon the conditions : (a) nature and concentration of solvent ; 
( 6 ) strength of current or the current density; {c) the materials of 
which the electrodes are made, due to the difference of potential 
at which the hydrogen ions are discharged (as a rule platinum, 
mercury, or lead electrodes are used) ; and (d) the temperature. 

In many cases the reduction is carried out in a double cell pro- 
vided with a diaphragm, (a) The cathode solution is placed in 
an ordinary unglazed porous cell, and this is introduced into a 
beaker which serves as the anode compartment; or (b) two 
glazed pots with small perforations are used, and the small an- 
nular space between these is packed with asbestos paper. If 
necessary the liquid can be agibited by using a rotating cathode. 

The reduction of nitro-benzene may be cited as one of the 
best examples which show the effect of conditions on the 
nature of the product: 
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The yield of p-amino-phenol can be increased by using a copper cathode and lead in the electrolyte 
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In the reduction of ketonic compounds, Tafel (B. 1900, 33, 
2209) has shown that the best effects are obtained by using 
jmre lead electrodes, as the hydrogen ions are thus discharged 
at a higher potential than when other metals are employed, 
and by employing in the cathode compartment 30-60 per 
cent sulphuric acid; with stronger acid, reduction of the acid 
occurs and sulphur is deposited. It is also essential that the 
current density shall be as low as possible. (For preparation 
of cells, see Tafel,) Acetone when reduced under such con- 
ditions, using mercury as cathode, yields isopropyl alcohol; 
but under similar conditions with a lead cathode it yields a* 
mixture of isopropyl alcohol and pinacone. Camphor may be 
reduced to borneol (p. 624), and caffeine to deoxy-caffeine : ' 

NMe.CO NMe-CHg 

90 C-NMex 

NMe-C-N NMe-C-N 

Further, acetanilide, CgHg-NH-CO^CHg, may be reduced 
to ethyl-aniline, pyridine to piperidine, 

using lead cathodes; aconitic acid to tricarballylic acid and 
cinnamic to hydrocinnamic acid, by using mercury cathodes. 

The esters of oxalic, malonic, acetoacetic, benzoic, and 
phthalic acids, when reduced electrolytically, yield ethers, e,g,\ 

Ethyl benzoate — - benzyl-ethyl ether. 

E. Beduction by Micro-organisms. — Yeast, either in the 
presence or absence of sugar, can convert acetaldol, OH • CHMe- 
CH,.CHO, into ^-tutylene glycol, OH.CHMe.CH 2 .CH.,.OH, 
acetaldehyde to alcohol, and citral into geraniol^(iVi 2 w 6 er^, 1918). 


XLV. OXIDATION 

4 

Oxidation includes not only those processes in which oxygen 
is added to a compound, e.g, conversion of an aldehyde, R • CH : O, 
into an acid, R-CO-OH, but also processes in which hydrogen 
is withdrawn from a compound, e.g. transformation of a primary 
alcohol, R«GHo-OH, into an aldehyde, R *011:0. In certain 
cases both processes can occur, e.g. oxidation of aniline, 
CgH^NHg, to nitroso-benzene, CgHg-NO. 
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Most of the oxidizing agents employed are substances rich 
ill oxygen, e.g. potassium dichromate or permanganate, nitric 
acid, chromic anhydride, peroxides, t&e. During the oxi- 
dation, although the organic compound is oxidized, the oxi- 
dizing substance is reduced, e.g. nitric acid gives up part of 
its oxygen to the substance to be oxidized, and itself becomes 
reduced to nitrous acid or to various oxides of nitrogen. 

Oxygen itself is sometimes made use of as an oxidizing 
agent, but usually in the presence of a catalyser, e.g. finely- 
divided metals such as platinum black or one of the enzymes 
known as oxydases. Processes of oxidation, like those of 
reduction, depend not merely upon the substances to be 
oxidized, ' but also on the oxidizing agent selected, and on 
such conditions as the acid, alkaline, or neutral nature of the 
solvent, temperature, and concentration. Examples of this 
have previously been cited among the aromatic hydrocarbons. 
Thus m-xylene is not acted upon by dilute nitric acid, but 
with chromic anhydride yields isophthalic acid. A very good 
example is aniline : 

Dichromate mixture — quinone; 

Alkaline permanganate — ► azo-benzene and ammonia; 
Acidified permanganate — ► aniline black; 

Neutral permanganate — ► nitro-benzene and azo-benzene, 

Bleaching-powder — ► nitro-benzene; 

Hypochlorous acid — ► ^-amino-phenol. 

Compounds of similar constitution are not always oxidized 
in the same manner; thus, to oxidize ^-nitro-toluene orp-nitro- 
cinnamic acid the best reagent is dichromate mixture, but for 
the isomeric o-compounds, dilute nitric acid or permanganate 
are recommended. The inhibiting influence of halogen and 
other negative radicals in the o-position with regard to the 
alkyl group, on the oxidation of such hydrocarbons by means 
of acid oxidizing agents, has already been referred to (p. 462), 
and also the fact that the final product of oxidation of a 
benzene homologue depends on the number and positions of 
the side chains, and not on their length, each yielding ulti- 
mately a COgH group. 

When a compound like cymene, CHg • • C^H^, is selec 

tively oxidized, it is usually the longer side chain which is 
first aflfected; and it has been found possible, in a few cases, 
to carry the oxidation to a stage where a long side chain has 
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become only partially oxidized, e.g, aceto-mesitylene, O-HnMeg* 
CO-CH^ to mesityWWoxylic acid, CgHgMeg-CO-COoH; m- 
butyl toluene, by nitric acid at 180 , to m- 

methyl-phenyl-propionic acid, CH8*CgH4*0H2-CH„*C02H. 

Cohen and Miller (J. C. S. 1904, 174, 162^ find that com- 
pounds containing chlorine or bromine in the meta-position 
with regard to a methyl OTOup are least readily oxidized by 
nitric acid, those with similar substituents in the para-position 
most readily, and those with o-chloro- and bromo-substituents 
are intermediate. 

In certain cases of oxidation, labile groups are present 
which have to be protected from the oxidizing agent; two 
such groups are the amino- and aldehydo - groups. An 
amino- or imino-group can often be protected from under- 
going oxidation by transformation into the acetylated group 
• NHAc or :NAc, or even better, into a nitroso-derivative, 
:N*NO. The further oxidation of an aldehyde- to a car- 
boxylic group can often be prevented by the addition of some 
substance to the oxidizing mixture which will yield a spar- 
ingly soluble compound with the aldehyde; such compounds 
are a primary aryl-amine, which forms a compound of the 
type of oenzy lidene-aniline, • CH : NCgHg, sodium hydrogen 

sulphite, or calcium naphthionate, the calcium salt of 1-amino- 
naphthalene- 4-sulphonic acid. From the additive compound 
to which the last salt gives rise, the aldehyde may be ob- 
tained by distillation in steam. 

A. Potassium Permanganate. — This is the commonest and 
one of the most useful oxidizing agents, as it may be used 
in neutral, alkaline, or acid solution. Other permanganates 
are also employed, e,g. the calcium and barium^ salts, especially 
for the oxidation of complex proteins. 

(a) Alkaline Solution. — ^Even when no alkali is added at the 
beginning, the solution becomes alkaline during the reaction. 
The permanganate, a derivative of MngO^, becomes reduced 
to hydrated MnOg, and thus each molecule of permanganate, 
K2Mn208, can yield three atoms of nascent oxygen: 

KjMiiPg -t- HjO = 2Mn02-f 2K0H + 30. 

When the product formed is an acid, this remains dissolved 
in the alkaline liquid, and may often be obtained by the 
addition of mineral acid after the manganese dioxide has 
been removed by filtration. In this manner, numerous ben- 
zene hydrocarbons and their derivatives can be oxidized to 
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the corresponding acids, e.g. ^-chloro- toluene to ^-chloro- 
benzoic acid, naphthalene to phthalonic acid, o-C02H«CgH4» 
CO-COgH. Other examples are the conversion of (^-nitro- 
phenol into dinitro - dihydroxy - diphenyl, NOg • (OH)C,.H3 • 
CgHg(0H)«N02, and of uric acid into allantoin (p. 304). 

The oxidation of olefine derivatives by two per cent perman- 
ganate (Fittig) is of extreme interest. Two hydroxyl groups 
are invariably added, and a glycol derivative formed; thus 
cinnamic acid, C^He • CH : CH • COoH, yields phenyl -glyceric 
acid, CeH,.CH(0H)^0H(0H).C02H. When a stronger per- 
manganate solution or a more powerful oxidizirig agent is 
used, the unsaturated compound is ruptured at the point of 
the double bond, and a mixture of less complex acids or 
ketones formed. 

An excess of alkali is often added to the permanganate before 
use. Under these conditions o-toluic acid yields phthalic acid, 
and the method is largely made use of for oxidizing o-sub- 
sti tilted derivatives of toluene, &c. When the solution is dilute 
and the temperature is kept at 0°, the oxidation is mild, and 
can stop at the formation of a glyoxylic acid, e.g, : 

CeHaMea-CO-CHg — CeHaMeg.CO.CUgE; 

otherwise a substituted benzoic acid — in this case C(jH2Me3' 
CO^H — is always formed. Substituted cinnamic acids, by 
this method, can be converted into corresponding benzoic 
acids, e,g.: 

N02(0H)CflH3.CH:CH*CX)2H to N02(0H)CeH3.C02H. 

Similarly, hydrocarbons of the type of triphenyl-methane, 
GHPhg, can he oxidized to carbinols, e.g, CPha-OH, and 
compounds of the type of diphenyl-methane, CHgPha, to 
ketones, CPhj'CO. 

{b) Neutral Solution. — In a few cases it is necessary to 
keep the solution neutral from beginning to end, and this is 
accomplished by the addition of an excess of magnesium sul- 
phate, which yields insoluble magnesium hydroxide with the 
caustic potash produced during the oxidation. When acet-<7- 
toluidide, CHg • • NH • CO • CHg, is thus oxidized, an 

80-per-ceiit yield of acetanthranilic acid, COoH • • NH • 

CO -CHg, is formed, whereas in the presence of alkali the 
yield is only some 30 per cent 

(c) Acid Solution. — Acetic or sulphuric acid is used, and 
the acid is added gradually with the permanganate. The 
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method is of use for the preparation of very stable compounds 
only, as the majority aio completely decomposed by these 
reagents. The reaction is quite different from that in alka- 
line solution, the permanganate (a derivative of Mn.^O^) is 
reduced to a manganous salt (derived from MnO), and thus 
each molecule of permanganate gives rise to Jive atoms of 
available oxygen: 

K^MnaOg + SHgSO^ = 2MnS04 + K2SO4 + SRfi -f 50. 

Sulphides or hydrosulphides in both the aliphatic and aro- 
matic series may be oxidized to sulphonic acids, a reaction 
which is useful for the preparation of certain naphthalene- 
sulphonic acids which cannot be obtained by direct sulphoria- 
tion. o-Iodo-benzoic acid may be oxidized to o-iodoso-benzoic 
acid, tetrabromo-jD-xylene to tetrabromo-terephthalic acid, and 
primary alcohols to aldehydes. 

B. Chromic Acid Derivatives. — Chromic anhydride, CrO„ 
is often used as an oxidizing agent when dissolved in glacial 
acetic acid, two molecules of the anhydride yielding three atoms 
of oxygen, 2 Cr 03 = CrgOg 4-30. Usually only the theoretical 
amount required for the oxidation is used, and this is gradually 
run in from a dropping funnel. Quinoline homologues are 
oxidized to quinoline carboxylic acids, and aromatic alcohols 
to aldehydes, if a primary amine is present to form a Schiff's 
base (p. 450). Even benzene homologues may be oxidized to 
aldehydes in the presence of acetic anhydride, as the acetyl 
derivatives thus formed are stable. 

Chromyl chloride, CrO^Clg, the chloride of chromic acid, is 
used for oxidizing benzene hydrocarbons to aldehydes {Etard's 
reaction, p. 150). The usual method is to dissolve the hydro- 
carbon and chromyl chloride separately in carton disulphide, 
and to run in the chloride solution until the red colour per- 
sists, and then to decompose with water. A precipitate of a 
double compound, e,g, CgHg-CHg, 2 Cr 02 Cl 2 , is first produced, 
and this is decomposed by water according to the equation : 

3 [CeH 6 CH 3 , 2002012] = SCeHsOBO + 4 CrCl 3 + 2H2Cr04 + 

The usual method of using chromic acid is in the form of 
a mixture of a dichromate and sulphuric acid, which react 
according to the equation: 

KjCrjOy + 4H2SO4 = K2SO4 + 03(804)3 + 4H2O + 30, 

each molecule of dichromate yielding three atoms of available 
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oxygen. Sometimes potassium dichromate is used, but more 
frequently the sodium salt, as it is cheaper and more readily 
soluble ill water. As a rule, the dichromate mixture is added 
gradually to the oxidizable substance. It is the common 
method of preparing aldehydes from alcohols (see Acetalde- 
hyde, p. 134), and also from aromatic hydrocarbons, as there 
is not the same tendency for the -CHO gi’oup to be further 
oxidized as when permanganate is employed. Complex alco- 
hols may also be oxidized to ketones or aldehydes, e.g. menthol 
to menthone (p. 613). Many compounds, such as hydroxy- 
acids, ketones, ketonic acids, &c., are ruptured by chromic acid 
mixture, and acids or ketones containing a smaller number of 
carbon atoms are formed. 

This is the oxidizing a, gent usually employed for the pre- 
paration of quinones, e.g. from aniline, and as a rule the tem- 
perature should be kept at about 0°. According to Bamberger, 
the following series of reactions occur: 

^ CaH5.NH.OH — ^-OH.CaH4.NH2 — OcCeH^iO. 

C. Nitric Acid. — Examples of the complete oxidizing action 
of fuming nitric acid are met with in the ordinary Carius 
method for estimating halogens or sulphur. One of the chief 
drawbacks of nitric acid is, that in addition to being an oxi- 
dizing agent, it is also a nitrating agent, and the products of 
oxidation, even when dilute acid is used, contain smaller or 
larger amounts of nitro- derivatives. By means of dilute 
nitric acid many benzene homologues are oxidized to car- 
boxylic acids, but the process is slow; thus pentamethyl 
benzene dissolved in benzene requires sixty hours’ boiling to 
oxidize it to tetramethyl- benzoic acid, and slightly longer 
time is required to oxidize 2 : 6-chloro-nitro-toluene to the 
corresponding acid. An interesting oxidation is that of 
m- butyl -toluene to 7w-methyl-phenyl-propionic acid, and a 
somewhat complex oxidation is that of camphor to cam- 
phoronic acid (p. 622). Krafft (B. 1889, 21, 2735) introduced 
the use of concentrated nitric acid (sp. gr. T5) for oxidizing 
purposes. The admixture was effected at 0®~10°, the tem- 
perature gradually raised to 50"‘, and the product poured into 
water. This is a very good method for oxidizing compounds 
which are already nitrated, as in other cases nitro-derivatives 
are very liable to be formed. Dinitroxylene is oxidized in 
this way to dinitrophthalic acid. Sulphoxides, e.g. Et^O, 
may be oxidized to sulphones, Et^SO^, iodo-benzoic acid to 
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iodoso- benzoic acid, cane-sugar to oxalic acid, &c. The 
method adopted in oxidizing glycerol to glyceric acid is to 
allow the aqueous solution of the glycerol to float on concen- 
trated nitric acid. 

A mixture of concentrated nitric and sulphuric acids, which 
is an extremely good nitrating agent, may be used for oxidiz- 
ing purposes, e,g, (?-nitro-benzyl alcohol to the corresponding 
aldehyde, of ^-nitro-cinnamic acid to j?-nitro-benzaldehyde, and 
of s-trinitro-toluene to s-trinitro-benzoic acid. 

D. Sulphuric Acid. — One of the oldest examples of the 
oxidizing action of concentrated sulphuric acid is the con- 
version of ethyl mercaptan, C2H5SH, to ethyl disulphide, 
(02115)282, and another that of piperidine to pyridine. ^Schmidt 
introduced the use of fuming sulphuric acid (60 or 70 per cent 
SOq) at low temperatures for converting alizarin and other 
hyaroxy -derivatives of anthraquinone into tri- to hexahy- 
droxy-derivatives, many of which are important dyes. The 
hydroxy-groups form an ester with the sulphuric acid, but this 
is readily hydrolysed when boiled with dilute acid. Concen- 
trated sulphuric acid may also be used for the preparation of 
the same compounds, and the yields are largely increased by 
the addition of boric acid, this being probably due to the fact 
that boric esters are formed, which prevent the removal of the 
hydroxy-groups when once introduced. 

An oxidizing action of commercial importance is the con- 
version of naphthalene into phthalic acid by means of con- 
centrated sulphuric acid and a small amount of mercuric 
sulphate at a temperature above 300°. 

E. Peroxides. — The peroxides mainly employed are MnOg, 
PbOg, and occasionally HgOg. Lead peroxide is frequently 
used in the form of a paste with acetic acid, one of the earliest 
oxidations with this reagent being that of uric acid to allan- 
toin (p. 304). Characteristic oxidations are (i) that of a- 
hydroxy-acids to aldehy do-acids, with one less carbon atom 
(p/315), e.g,: 

C02H.CH(0H).CH2.C02H -r- COaH-OiCH.CHj.COgH; 

(ii) of alkyl acetates to aldehydes, e,g , : 

o-N02.CflH4.CH2-0-CO-CH8 to o-N02 C„H4-CH:0; 

(iii) of triphenyl-methane-derivatives to the corresponding 
carbinols, the salts of which are dyes, e,g,: 

(NMej.CeHJaCH — 
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and (iv) of amino hydroxy-derivatives of aiithraquinone to the 
corresponding poly hydroxy-derivatives, the N IL being replaced 
by OH, a reaction which aoes not occur when tne anrino-group 
is acetylated. Manganese dioxide alone, or in the presence 
of sulphuric acid, may be used for converting CH 3 groups in 
benzene homologues into aidehydo-groups. The mixture is 
kept stirred, and an excess of hydrocarbon is always present. 
Benzaldehyde, o-chloro-benzaldehyde, p-nitro-benzaldehyde, 
terephthalic aldehyde, &c., have been prepared by this method. 
A remarkable oxidation is that of benzene to benzoic acid by 
means of the peroxide and sulphuric acid. Hydroxy-acids 
are often ruptured by these reagents, e,g. lactic acid, CHg* 
CH( 0 H)^*C 02 H, yields aldehyde and carbonic acid. This is 
the basis of a method for estimating the strength of solutions 
of lactic acid by determining the amount of aldehyde formed. 
The same reagents are also used for the oxidation of alkaloids, 
and for the conversion of the leuco-bases of triphenyl-methane 
dyes into the dye salts, e.g. ^-leucaniline into ^rosaniline. 
Hydrogen pero^de is often used in the presence of potassium 
hydroxide for the preparation of organic peroxides, e,g. diethyl- 
peroxide, EtjOj, benzoyl-peroxide, (CgHjCOlgOg. Piperidine, 
when oxidized with three per cent peroxide solution, yields 
glutaric acid owing to the rupture of the ring. Benzene, with 
the peroxide, yields a certain amount of phenol. Azo-com 
pounds are converted into corresponding azoxy-derivatives, 
and phenols into dihydric phenols or quinones. Fatty acids 
are converted into ketones, R-CHg’CO-OH — R-CHj-CO* 
CELR (DaUn^ Am. C. J. 1910, 44, 41). 

Fenton and others (J. C. S. 1894, 899; 1895, 48, 774; 1899, 
1 ) have made use of hydrogen peroxide in the presence of 
small amounts "^of ferrous salts; by this method the following 
reactions have been effected: 

Glycollio acid, OH-CHa-COsH, — ► glyoxy lie acid, CHO*COaH; 

Lactic acid, CH8*CH{0H)-C02H, — pyruvic acid, GHj^CO-COaH; 

Tartronio acid, OH«CH(COaH)a, — ► mesoxalic acid, CO(CO*H)a; 

(ilyoeric acid, \ / hydroxy-pyruvic acid, 

0H.CH2-CH(0H).C0,H,/ \ OH.CH,.CO.COaH; 

Tartaric acid, \ / dihydroxy-maleio acid, 

COaH.CH(OH).Cn(OH).COaH,/ \ C0aH.d(0H);C(0H).C02H; 

Polyhydric alcohols* — aldoses. 

Primary amines, CflHg-CHg-NHg — ► aldehydes, C^Hs'CHO. 

F. Oxygen itself can often be used for oxidation, generally 
in the presence of platinum black or platinized asbestos. Deiin- 
stedfs method for estimating carbon and hydrogen in organic 
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compounds is based on this. Many aldehydes, when exposed 
to moist air, are transformed into acids; thus specimens of 
benzaldehyde which have been kept for some time contain 
appreciable amounts of benzoic acid. Cinnamic alcohol may 
be oxidized to cinnamaldehyde, glycerol to glyceraldehyde, 
and methyl alcohol to formaldehyde in presence of slightly 
oxidized copper. Alkaline solutions of polyhydroxylic phenols 
are readily oxidized (see Pyrogallol), and a similar solution of 
gallic acid yields the yellow dye galloflavin. Glock has shown 
that methane and air, when repeatedly passed over heatec 
metallic copper at 600°, yield methyl alcohol and formaldc 
hyde, and that ethane and air yield ethyl alcohol, acetalde- 
hyde, and acetic acid. [Compare also Boners experiments (pp. 
36 and 37).] Ozone may also be used as an oxidizing agent; 
it is employed commercially for refining oils, <fec. (cf. J. Ind. 
1898, 1101). C, Ilairies (A. 1905, 343 , "311 ; 1910, 374 , 288; 
1912, 390 , 235; 1915, 410 , 1) has examined the action of 
ozone on various types of carbon compounds, mainly in glacial 
acetic acid solution. Methane, ethyl alcohol, <fec., are oxidized 
to aldehydes and acids, hydrogen peroxide also being formed. 
Saturated aldehydes and, to a certain extent, ketones yield 
labile peroxides of the type, R*CPI:0:0. Most unsaturated 
hydrocarbons and alcohols combine with ozone, yielding 
ozonidos, ^.^7. C2H4 + 0.^, ethylene ozonide. The structure of 
such compounds is usually represented as follows, e,g.i 

and for each ethylene linking one molecule of jozone is added. 
Many compounds combine with more than this amount of 
ozone, yielding oxozonides, e.g, propylene yields a product, 
03H(. + 04, which are not readily transformed into normal 
ozonides. They are regarded as derived from oxozone, 0^, 
which has been shown to be present in ordinary ozone, and 
hence it is always desirable fo purify ozone by passing it 
through alkali and concentrated sulphuric acid before using it 
for the preparation of ozonides proper. Unsaturated carbonyl 
derivatives, e.g. acids, aldehydes, and ketones, also combine 
with ozone, yielding ozonides; they can, however, combine 
with a fourth atom of oxygen, yielding perozonides, which arc 
decomposed by water, yielding the ozonide and hydrogen 
peroxide. The three atoms of the ozonide are regarded as 
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attached to the two carbon atoms of the ethylene linking, 
whilst the fourth atom is attached to the carbonyl group. 
Oleic acid perozonide is represented as: 

CHadCHJy-CH • CHdCHjl-CiOiO 

6.0.6 6h 

The ozonides are decomposed when gently heated, or when 
the solutions in glacial acetic acid are warmed. Oleic acid 
ozonide decomposes into the four products: 

CHs-[CHj],.CH:0 + 9V!H.[CHJ,.C0jH 

I Npnaldehyde O/ H. 

/O 

and 0H8 .[CHj],.CH<( - + CHO.[CHj]f -COgH, 

in. NonaMeUyde iv. Azclaic acid semi- 
peroxide. aldehyde. 


Some of these products are readily oxidized, e.g. nonalde- 
hyde yields the corresponding acid, and the semialdehyde 
yields azelaic. At the same time the aldehyde peroxides are 
transformed into the isomeric carboxylic acids, so that appreci- 
able amounts of nonylic and azelaic acids are always found in 
the final decomposition products. The nonaldehyde peroxide 
formed in this way is isomeric, and not identical with the per- 
oxide obtained by the direct action of ozone on the aldehyde. 
It is more stable, has m.-pt. 73®, and is represented by for- 
mula III. 

Such decompositions of ozonides can be used for determin- 
ing the position of the ethylene linking in the molecule of the 
original compound, and also for the preparation of certain 
aldehydes, aldehydic acids, and dialdehydes. 

Benzene yields a highly explosive triozonide, CgH#,Oj,. 

Ozonized oxygen in the presence of concentrated sulphuric 
acid converts toluene at 100® into benzoic acid. 

Gr. Other Oxidizing Agents. — Chlorine and bromine are 
generally used in alkaline solution, %x, in the form of hypo- 
chlorite or hypobromito. As examples, we have the well- 
known Hofmann reaction, the conversion of amides, and imides 
such as succinimide and phthalimide, into amines or nitriles 
(pp. 11)0 and 191); also the oxidation of reduced benzene 
derivatives back to the original benzene compound. An in- 
teresting oxidation is that of benzylidene-acetone to cinnamic 
acid with four per cent sodium hypobromito: 
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CflHfi . CH : CH . CO • CH3 + SNaBrO 

= CflHfiCHrCH.COaNa + CHBra + gNaOH, 

and of potassium cyanide to cyanate by hypochlorite. Bromine 
water itself is frequently used for the oxidation of sugars, e.g, 
of an aldose to the corresponding monobasic acid; thus gly- 
cerose to glyceric acid, glucose to gluconic acid. 

Less common oxidizing agents are potassium ferricyanide, 
which is reduced to the ferrocyanide : 

aKgFeCeNe + 2KOH = SK^FeCgNe + HgO + O. 

s-Trinitro-benzene may be oxidized by this reagent to picric 
acid, phenyl-acetylene to diphenyl-diacetylene, CPhiC-CrCPh, 
nitroso- to nitro-derivatives, quinone-dioxime to tiinitroso- 
benzene, benzene-diazo-oxides to salts of benzene-diazoic acid, 
CQlIr/N:NO'OH, and nitro-toluenes to nitro-benzoic acids. 
Ferric chloride: 

2FeCl3 + HjO = 2FeCl2 + 2HC1 + O, 

may be used for oxidizing hydroxylamine derivatives to 
nitroso-compounds, e.g , : 

CgH^Br-NH-OH CgH^Br-NO; 

quinols to quinones, and naphthols to dinaphthols: 

OH.C\oHe.CioH0.OH. 

Silver oxide oxidizes glycerol to glycollic acid, and gener- 
ally aldehydes to acids, and o-dihydroxy-benzene to o-benzo- 
quinonc. In the presence of sodium or ammonium hydroxides 
silver oxide only oxidizes those compounds containing a 
Cll'dll or CO group attached to two CHg-QH, CH-OH, or 
COoH groups or combination of these, e,g, tartaric acid, gly- 
cerol, and mannitol. In neutral or acid solution it is sufficient 
if the CH'OH group is combined with COgH and with 
H, CHg, or CHy, e.g. glycollic, lactic, and malic acids. Mer- 
curic oxide, usually with alkali, e,g. barium hydroxide, is used 
for oxidizing fructose to trihy^roxy-butyric acid and glycollic 
acid, and glucose to gluconic acid. It also oxidizes unsym. 
diethyl-hydrazine to tetracthyl-tetrazone, NEtg-NlN-NEtg, 
and sym. diethyl-hydrazine to mercury-diethyl, nitrogen, and 
water. Nitro-benzene is used as an oxidizing agent in the 
manufacture of magenta (p. 515), and also in the Skraup 
synthesis of quinoline (p. 576). Potassium persulphate, mixed 
with concentrated sulphuric acid, is known as Caro's reagent 

(B480) 23 
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or sulphomono-per-acid, and can oxidize salicylic acid to 
2: 5-dihydroxy -benzoic acid, and salicaldehyde to 2:5-di- 
hydroxy-benzaldehyde. It is also used for oxidizing various 
terpene derivatives, and readily oxidizes aromatic primary 
amines to nitroso-derivatives, e.g . ; 

CeHgNHa — CeH.NO. 

Formaldehyde. — When certain amino alcohols are methy- 
lated by moans of formaldehyde, it has been found that not 
merely is the CHo group introduced, but at the same time the 
alcohol is oxidized to an aldehyde or ketone, thus in the case of 
many cyclic compounds {Hess, B. 1913,46, 4104; 1915,48, 1886), 

>qNHK)-CH(OH) .. >qNMeR)-CO— , 

e.g. 3-a-hydroxy-ethyl-pyrrolidine gives 1-methyl-pyrrolidinc- 
3-acetaldehyde. 

H. Electrol3rtic Oxidation. — Organic compounds may be 
oxidized by means of the oxygen formed at the anode of an 
electrolytic cell. The method is not so general in application 
as electrolytic reduction, as it is extremely difficult to stop 
the reaction at the right point. Even when the theoretical 
amount of oxygen has been formed, it is often found that 
part of the compound is unacted on, and part has been com- 
pletely oxidized. The following are fairly typical examples: — 

Furpuro-gallin is formed by the electrolysis of a solution 
of pyrogallol in sodium sulphate solution, using a rotating 
platinum anode of 2 sq. dm. The reaction is complete after 
6-8 hours with a C.D. of 1*5-2 amp6res and an E.M.F. of 
4 *3-4 *5 volts. 

Anthraquinone may be prepared by oxidizing an emulsion 
of anthracene, water, and sulpuric acid, using a rotating lead 
cathode, and a leaden vessel as anode. The best yields are 
obtained when an oxygen carrier, e.g. manganese sulphate, is 
employed with a temperature of 75°-90”, a G.D. of 1-2 am- 
peres, and an PIM.F. of 2 *8-3 >5 volts. 

Numerous azo-dyes have been obtained electroly tically ; 
thus, Orange II, or p-naphthol-azobenzene-sidphonic acid, 
OH.SOo-C.H^.N-.N.CioHg.OH (Chap. IW, B.), is produced 
from an aqueous solution containing sodium sulphanilate, 
naphthol, and sodium nitrite. The cathodes of nickel or pla- 
tinum wire are placed in two separate cathodic compartments 
consisting of small porous cells and containing sodium hy- 
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droxide solution. The rotating anode is of platinum; and a 
C.J). of 8-12 amperes, an E.M.F. of 15-18 volts, and as low 
a temperature as possible, give the best results. The homo- 
logues of benzene, when oxidized with platinum electrodes in 
the presence of sulphuric acid and acetone, yield aldehydes, 
e.g. toluene — ► benzaldehyde, o-xylene — ► ^^toluic aldehyde, 
but the yields, as a rule, are not good. Ortho-substituents of 
a negative character tend to inhibit such oxidations. Acetic 
acid solutions of p- and o-nitro-toluenes yield the corresponding 
nitro-benzyl alcohols, whereas the m-compound yields rw-nitro- 
benzaldehyde. Benzyl sulphide yields benzylsulphoxide, ben- 
zyldisulphoxide, or tribenzylsulphonium sulphate according to 
conditions. • 

I. Autoxidation. — Turpentine can absorb oxygen from the 
air and render it so active that it can oxidize a second sub- 
stance which normally would not be oxidized in the absence of 
turpentine. For example air readily bleaches indigo or 
oxidizes arsenious acid in the presence of turpentine. Other 
olefine derivatives, e,g. amylene, hexylene, fulvene, behave in 
a similar manner, and it is highly probable that moleculai* 
oxygen attaches itself to the olefine linking. 

The olefine-oxygen compound is termed the autoxidator, and 
the substance which becomes oxidized the acceptor {M. Trauhe): 

AO 2 + B — AO + BO. 

Benzaldehyde forms an unstable peroxide which is readily 
isomerized to benzoylhydroperoxide, perbenzoic acid, 

^\0*0ir which can act as an autoxidator; it can 

decolorize indigo, and can oxidize benzaldehyde to benzoic 
acid. Many autoxidators in the presence of water form 
hydrogen peroxide: AOg + HgO AO + HoOg. 

Ethylene oxides (p. 198) are also readily formed by the 
action of benzoylhydroperoxide on olefines. 


XLVI. STEREO CHEMISTRY OF CARBON, SULPHUR, 
SELENION, TIN, AND NITROGEN COMPOUNDS 

A. Carbon Compounds. — In preceding chapters (cf. pp. 160, 
221, 259) attention has been drawn to the fact that compounds 
containing a carbon atom attached to four different radicals exist 
in two optically active isomeric forms and that the isomerism 
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can be attributed to the spatial arrangements of the atoms within 
the molecule. All natural optically active compounds and all 
common ones prepared in the laboratory, e.g. valeric, lactic, and 
malic acids, active amyl alcohol, &c., contain two or more carbon 
atoms. In 1914, Po^te and Read (J. C. S. 1914, 106, 811) suc- 
ceeded in preparing the first optically active compound contain- 
ing a single carbon atom, viz., chloroiodomethanesulphonic acid, 
CHClI'SOyH, which can be resolved, by means of fractional 
precipitation with brucine, into optically active forms. 

An extremely interesting conversion of a d-compound into 
its Z-isomeride without disturbing the attachment of the four 
atoms directly united to the asymmetric carbon atom has 
been accomplished by E, Fischer ditid Bramis (Abs. 1914, i, 942) 
in the case of isopropylmalonamic acid. The changes are 
represented by the following scheme, where Pr represents the 
isopropyl group: 

Pr/^XCO-OH Pr-^^XCO.OMe 

Pr/^^xa)-OMe Pr^'^xCO.NIlg* 

The change, •CO-NH ,2 — ^ CO -OH, was effected by means of 
nitrous acid, and •CO«OMe — ► -CO-NHo by means of the 
hydrazidic acid, COJI-CHPr-CO^NH-NHg, which gave the 
azoimide, C 02 H*CHPr*C 0 N 3 , with nitrous acid, and this 
with ammonia the amide. The positions of the original 
• CO'NHg and -CO -OH groups were thus interchanged, 
and resulted in an optical inversion. 

It has been pointed out already (p. 163) that in a series of 
derivatives of an active compound, C a, b, c, x, the optical 
activity persists * so long as x does not become identical with 
either a, b, or c. Fischer and Flatau (Abs. 1909, i. 628) have 
examined the case of propylisopropylacetic acid in which two 
of the groups have the same weight, and are similar but not 
identical. They find that the synthetic acid is leadily resolved 
by means of brucine, and the d-acid has [aj = + 11*4°. 
Propylisopropylcyanoacetic acid also exists in two active 
forms. 

Symmetry and Optical Activity, — In the simple cases 
already discussed, viz. valeric, lactic, and tartaric acids, the 

* In some cases racemization may occur in transforming the compound 
into a derivative, but in such cases the product formed can be resolved into 
optically active components. 
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enantiomorphous or nonsuperposable forms, which are the 
optically active forms, have been characterized by the absence 
of a plane of symmetry, and the internally compensated forms, 
e.g. mesotartaric acid and mucic acid, by the presence of a 
plane of symmetry. By the term plane of symmetry is 
understood a plane cutting the figure into two halves, such 
that the reflection of the one half in a mirror occupying the 
position of the dividing plane restores the missing half. This 
is clearly seen in the case of the mesotartaric acid model or 
projection III, p. 260. 

It has been assumed by many chemists that in all cases 
similar relationships hold good, namely, that the eriantio- 
morphous or optically active forms are always deVoid of a 
plane of symmetry and the superposable forms characterized 
by the presence of such a plane. This is not correct, as there 
are many arrangements of atoms which are not enaiitio- 
morphous although devoid of a plane of symmetry. 

According to Barker and Marsh (J. C. S. 1913, 103, 838), 
the essentials for enantiomorphism, and hence for optical 
activity, are the absence of (a) a plane of symmetry, (Jb) a 
centre of symmetry, and {c) an alternating axis of sym- 
metry. 

By centre of symmetry is meant a point in the middle of the 
molecule, such that a line drawn from any atom within the 
molecule to this point will meet a similar atom when projected 
in the opposite direction. By rotating the lower halves of the 
models I, II, and III on p. 260, it will be found that I and II 
have no such centre of symmetry and that III has. The 
relationship is seen clearly in the case of certain cyclic com- 
pounds, e.g. ethyl succinylosuccinate (p. 497),* ethyl trans-2:5- 
diketocyclohexane-1 :4-dicarboxylate (I) : 


EtOoC 


. /CO 

• Xfi 

H 


CH, 


• CH, 

• a 

•CO 


,S ? ^ /CO .CH^. ? 

>0 II c< >c 

^COjEt 


CO,,Et. 


It is clear that a line drawn from any atom (or group) 
through the point a meets a similar atom (or group) on the 
opposite side of the molecule. The molecule contains a 
centre of symmetry or is centrosymmetric, and hence does 
not exist in enantiomorphous forms, and the possibility of 
optical activity is precluded. The cis compound II, on the 
other hand, has no such centre of symmetry, and should exist 
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in optically active forms. For the analogous case of l;4-diketo- 
2:5-(Jimethylpiperazins cf. Fischer^ B. 1906, 39, 467, 3981. 

Alternating axis of symmetry , — This is best illustrated by 
reference to a tetramethylene compound containing 4 asym- 
metric carbon atoms attached to the 4 carbon atoms of the 
ring, viz. €4114(0 a, b, 0)4, where a, b, and c are three dilferent 
univalent radicals. In two cases these groups, a, b, c, are 
arranged in the +, and in two cases in the — order. It can 
be clearly seen by the aid of models that if any one group is 
r^otated through an angle of 90“ about the axis vertical 
to the plane of the 4-carbon ring, and the plane of this ring is 
regarded as a mirror, the group in question, whether H or 
C a, b, c, finds its reflection in the corresponding group below. 
The molecule as such is superposable upon its mirror image ; 
the two are not enantioniorphous, and hence it should be 
impossible to resolve such a compound into optical isomerides. 


H +x 

c CH„ CH. 


c 

H -x 

HI IV 


W I CO • NH I 

"C H H 



OH H 

? — C ^ 

H 6h\ H 

C C 

HO \ OH OH 

H H 

V 


The axis perpendicular to the plane of the ring is termed an 
alternating axis of symmetry (or sometimes a quaternary 
mirror axis). This case is quite different from that of the 
cis-succinylosuccinic ester (II, p. 677), or the cis-l:4-diketo- 
2;5-dimethylpiperazin. In the latter case (IV) the two methyl 
groups are represented in a plane above that containing the 
piperazine ring, and the two hydrogen atoms in a correspond- 
ing plane below. Although the molecule possesses none of 
the three elements of symmetry already enumerated, it 
contains an ordinary axis of symmetry, i.e. by simply rotating 
the molecule through 180“ ahoi\t this axis, which is perpen- 
dicular to the ring, each atom comes into congruence with 
a similar atom, and the molecule as a whole presents the same 
aspect before and after rotation; thus the molecule is not 
absolute!}" asymmetric, and yet it is enantiomorphous and its 
mirror image is not superposable. Two optically active forms 
should therefore exist, and E, Fischer has actually isolated such 
isomerides. The analogously constituted 2:5-dimethylpipera' 
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zine (CHo in place of CO) has resisted all attempts to resolve 
it (J. C. S. 1912, 101, 2325). An analogous case is that of 
the optically active isonitols, hexahydroxycyclohexanes (p. 446) 
(V), where the ordinary axis of symmetry lies in the plane 
containing the 6 carbon atoms. 

Two other types of enaritiomorphous carbon compounds are 
worthy of notice: 

(a) AUene derivatives of the type, ^^C:C:C<^^. It will 

be seen by the aid of models that the groups a and b attiichecj 
to the one carbon atom do not lie in the same plane as the 
two groups a and b attached to the other terminal carbon 
atom. The molecule is devoid of any of the etements of 
symmetry mentioned on p. 677, and should exist in two 
enantiomorphous, optically active forms. The possibility 
of such isomerides was pointed out by van f Hoff^ but attempts 
to isolate them have so far not met with success (cf. Lapww'th 
and IVechsler, J. C. S. 1910, 97, 38). 

{b) l-Methylcyolohexylidene-4-acetic-acid, 

CH3.CH<gg2:gg»>0:C<«>^H 

{Pope^ Perkin, and Wallach, J. C. S. 1909, 96, 1789, cf. ibid. 
99, 1510). This molecule is also devoid of the three elements of 
symmetry, and exists in enantiomorphous forms. The acid has 
been resolved by means of brucine into optically active iso- 
merides, with m.-pt. 53° and [ajj, ±81°. It is analogous to the 
allene derivative mentioned under (a), as the C atoms to which 
the H and CHg and the H and COOH groups are attached 
are rendered incapable of free rotation, the oije by ring forma- 
tion and the other by the olefine linking (cf. p. 252). 

An analogous compound is 4-oximi no-cyclohexane-1 -car- 

boxylic acid, C 02 H.CH<gg 2 -CH 2 ^Q.jj.OH, which has 

been resolved by Mills and Bain (ibid. 1910, 97, 1866) by 
means of morphine and quyiine. The active sodium salts 
were obtained, but when acidified with hydrochloric acid an 
inactive acid was formed. This resolution supports Hantzscii 
and Warner' s view (p. 144) that when a tervalent nitrogen 
atom is attached to carbon by a double link the three 
valencies of the nitrogen atom do not lie in a single plane. 

The researches of Pope and others have proved that com- 
pounds containing quadravalent elements other than carbon, e.g. 
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S, Se, and Sn, attached to four different univalent radicals, 
also exist in optically active isomeric forms. 

B. Sulphur Compounds {Pope and Peacliey, J. C. S. 1900, 
1072). — The sulphur compounds selected were derivatives 
of methylethylthetine bromide: 

^>^. 00 ^, 


a product which can be prepared by the addition of bromo- 
acetic acid to methylethyl sulphide. The bromide was mixed 
with the theoretical amount of silver d-camphor-suJphonate in 
aqueous solution, the silver bromide removed, the filtrate evap- 
orated at 40°, and the solid residue crystallized some 40-50 
times from a mixture of absolute alcohol and dry ether. The 
sparingly soluble d-methylethylthetine d-camphor-sulphonate, 


CH. 


melts at 118°-120°, and has a molecular rotation [M]i>* = 
+ 68°. The rotation for the camphor - sulphonate ion is 
+ 5T7°, and this gives a rotation of +16*3° for the thetine 
ion. A very similar value has been obtained by repeatedly 
crystallizing the d-bromo- camphor -sulphonate. The corre- 
sponding platinichloride, (SMeEtCl'CH^ *00211)2, PtCl 4 , has 
a molecular rotation + 30*2°. 

Smiles (J. C. S. 1900, 1174) has obtained methylethyl- 
phenacylsulphine bromide: 

CH3N^g<-CH2.CO.Ce,H, 

(from methyletjiyl sulphide and bromo-acetophenone) in opti- 
cally active modifications by a similar process. 

C. Selenion Compounds have been resolved by Pope and 
Neville (J. C. S. 1902, 1552). The compound used was 
methylethylselenetine bromide, SeMeEtBr • CHg • COgH, ob- 
tained from methylethyl selenide and bromo-acetic acidj the 
corresponding d-bromo-camphor-sulphonate was repeatedly 
crystallized from alcohol, and tlie least soluble fraction melted 
at 168°, and had [M]d = +330*8, which gives a rotation of 
+ 60*8 for the methylethylselenetine ion. 

The corresponding salt of the i-base + rf-acid was isolated; 
it melted at 151°, and had [M]p == +209*6, which mves a 
value of —60*4 for the /-selenetine ion. The platinicUoride 
* For meaning of this, see p. 716. 
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had a molecular rotation +55°, but the mercuri - iodide, 
SeMeEtl*GHjj * 00211 , was optically inactive. 

D. Tin Compounds and Peachey, P. 1900, 42, and 

116). — A compound containing an asymmetric tin atom was 
prepared by the following series of reactions: 

2 SnMegl + ZnEtj = 2 SnM^Et + Znij; 

SnMeaEt + = SnMejEtl + Mel ; 

2SnMe2EtI + ZnPr2 = 2SnMe2EtPr + Znlj*, 
SnMeaEtPr + I, = SnMeEtPrI + Mel. 

The methylethylpropyl-tin iodide (a liquid boiling at 270°) 
was converted into the <i-camphor-sulphonate by means of 
silver a?- camphor- sulphonate, and after the removal of the 
silver iodide the solution was evaporated, when crystals of 
<^-methylethyl-7t-propyl-tin ^^-camphor-sulphonate, SnMeEtPr* 
0 • SOg • Ciotf^gO, melting at 125°-126°, were obtained. In 
aqueous solution, d = +95°, which gives a value for the 
univalent ion, SnMeEtPr, of about + 45°. When the mother 
liquor from the above-mentioned crystals is evaporated, a 
further quantity of the same compound is obtained, and the 
operation can be continued until all the water has been 
expelled. No trace of i- methylethylpropyl-tin rf-camphor- 
sulphonate can be isolated. Pope and Peachey attribute this 
to the conversion of the Z-base into the c^base by continued 
racemization (p. 266), in the following manner: — The solution 
of the racemic base with the d-acid deposits a portion of its 
c?-base as the sparingly soluble salt rf-base + c?-acidj the excess 
of /- over c?-base remaining in the solution racemizes as eva- 
poration proceeds, a further quantity of d-base separates as 
salt, and racemization of the residue again proceeds. 

A (i-methylethyl-7j-propyl-tin iodide with [ajj, + 23° in 
ethereal solution has been prepared from the camphor- 
sulphonate. 

The resolution of tin compounds has also been accomplished 
by means of the (^-bromo-camphor-sulphonate. If the aqueous 
solution of d-methylethyl-n- propyl -tin d-bromo-camphor-sul- 
phonate is heated at 100° in a sealed tube for two hours, 
racemization proceeds, and the rotation [M]!, + 272° is that 
due to bromo-camphor-sulphonate ion only. 

E. Silicon Compounds. — Silicon is the element most closely 
allied to carbon, and hence numerous attempts have been 
made to prepare optically active silicon compounds containing 
an asymmetric silicon atom. 
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it is only recently, however, that these experiments have 
mot with success. Kipjnng (J. C. S. 1907, 91, 209) has pre 
pared the compound 

CbH; 

ethylpropylhenzylphenylsilicaney by the following series of re- 
actions ; — 

SiCL + MgEtBr = SiEtCl, + MgdBr 

SiEtClo + MgPhBr = SiEtPhClj + MgClBr 
SiEtPhCL + MgPrBr = SiEtPhPrCl + MgClBr 
SiEtPhPrCl + MgBzCT = SiEtPhPrBz + MgClg. 

« 

This hydrocarbon when sulphonated gives rise to benzene 
and a sulphonic acid : 

SOsH . . CHa • SiEtPr • O • SiEtPr • CH^ • CeH4 • SO3H , 

sulphobenzylethylpropylsilicyl oxide. As the formula indi- 
cates, this compound contains two similar asymmetric silicon 
atoms, and should presumably exist in the same number of 
isomeric modifications as tartaric acid (p. 258). One of the 
acids isolated by Kipping has been shown to be a 6?-^compound, 
and its salt with the active base, rf-methylhydrindamine can 
be resolved into its optically active components when re- 
peatedly crystallized from acetone or aqueous methyl alcohol. 
The two acids have extremely low rotatory powers, e,g. [a]„ 
± 3° to 4®. Similar active compounds containing an isobutyl 
in place of the propyl group have been obtained; they have 
[a]o ± 10*5®. And still more recently compounds containing 
a single asymipetric silicon atom have been isolated, e.g, 
eihylpropyldibenzylsilicanemonoBulphonic acid, 

CHaPh.SiEtPr.CHj.qjH^.SOjH, 

which can be resolved into active components by means of 
brucine. Most of the active silicon derivatives are character- 
ized by the close similarity between the active and racemic 
forms and by the low rotatory powers, so that it is difficult 
to say, in certain cases, whether resolution has been effected 
or not. 

Pope and Peachey conclude that all the elements of Group lY 
of the Periodic Classification, namely C, Si, Ti, Ge, Zr, Sn, Ce, 
Pb, Th, also probably 0, S, Se, Te, should in a similar manner 
give rise to optical activity in their asymmetric derivatives. 
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Eecently lead derivatives of the type, Pb a, b, c, d, have been 
prepared by the following series of reactions: — PbMe^ 
+ Brg at —75° PbMogBr + MeBr; PbMcgBr + MgEtBr 
— ► PbMegEt + MgBrgi PbMegEt + Brg — PbMegEtBr; 
PbMegEtBr + PrMgBr — *► PbMeoEtPr, and, finally, a lead 
compound containing methyl, ethyl, propyl, and butyl groups 
is obtained. It is worthy of notice that the action of bromine 
on a mixed lead compound always leads to the elimination of 
the smallest group, viz. methyl. Further, the four groups 
may be introduced in different order, but the final product is 
the same, thus indicating the equivalence of the four valencies. 
So far the lead compounds have not been resolved into opti- 
cally active components {Gh'uttiier and Krause, B.» 1917j 50, 
202 ). 

F. Nitrogen Compounds {H. 0. Jones, B. A. Eep. 1904, 169). — 
(i) Tervalent Nitrogen Compounds, — No optical activity has been 
met with in compounds of the type N a, b, c, and all attempts 
to resolve such compounds have proved fruitless. Jones and 
Millington (C. C. 1904, 2, 952) have attempted to resolve 
benzyl -phenyl -hydrazine by means of t?-camphor-sulphonic 
acid, and to resolve methylethylaniline-sulphonic acid by 
meaTis of brucine. Other chemists {Krafft, Behrend and Konig, 
Ladenburg) have attempted to resolve benzyl-ethyl-amine, 
p-toly 1-hydrazine, ^-benzyl-hydroxylamine, methyl-aniline, and 
tetra-hydroquinoline by means of ^-tartaric acid. 

Kipping and Salway (J. C. S. 1904, 438) have adopted the 
method of treating a secondary amine with a racemic acid 
chloride, namely ^-^benzylmethylacetyl chloride, CHMeBz* 
COCl, and examining the substituted acid amide formed. 
With a true c?-/-base, the following comppunds should be 
formed: c?B dk, ZB Ik, <ZB Ik, ZB dk, of which 1 and 2 form 
an enantiomorphously related pair, and 3 and 4 a similar pair. 
Thus the complete product would be a mixture of two racemic 
substituted acid amides. Experiments conducted with methyl- 
aniline, p-toluidine, phenyl-hydrazine, and benzyl-aniline gave 
a homogeneous product hi each case. Similarly, when 
^-toluidine and benzyl-aniline are condensed with ^Z-methyl- 
benzylacetyl chloride, no indication of the formation of is^- 
merides is met with. 


An analogous method, using d-hydroxy methylene camphor, 
which reacts with secondary amines, giving 


compounds containing the group :CH-NE^R2 instead of 
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:CH.OH, has been used by Pope and Read (J. C. S. 1909, 
96, 171; 1912, 101, 2334). 

A pair of compounds, CgH 3 Me 2 'NH*CHMe*CH 2 *CIIO, 
containing tervalent nitrogen and stated to be stereoisomeric, 
have been shown by Jones and White (J. C. S. 1910, 632) to 
bo structurally isomeric. 

The general conclusion to be drawn is, that the centres of 
gravity of the three radicals, and also of the nitrogen atom 
itself, lie in a single plane, and the whole arrangement is the 
mosfc symmetrically possible one. (Cf. Oximes, pp. 144, 453.) 

(ii) Quinquevalent Nitrogen Compounds. — (For formation, see 
pp. 108, 403.) The most interesting type of compound is 
that in which all five radicals are different, e.g. N a, b, c, d, X. 
These compounds are quaternary ammonium salts, in which 
four of the radicals are alkyl groups, and the fifth an acid 
group. No cases of inactive isomerides have been met with. 
An example described by Wedekind, viz. methylallylphenyl- 
benzylammonium iodide, has been shown by H. 0. Jones 
(J. 0. S. 1905, 1721) to be non-existent. 

The only known examples of stereoisomerides are the 
optically active modifications in which compounds of the 
type methylethylpropyUsobutylammonium chloride, N(CH 3 ) 
(C 2 H 5 )(CgH 7 )(C.H 9 )Cl, exist. This type of compound is 
always obtained in an inactive form when synthesised in the 
laboratory by the addition of an alkyl haloid to a tertiary 
amino. In 1891 Le Bel claimed to have obtained a loevo-moAi- 
fication by means of Penicillium glaucum (green mould), and in 
1899 he confirmed this result In the same year Pope and 
Peachey (J. C. S. 1899, 1127) obtained a resolution of Wede^ 
kind's benzylphenylallylmethylammonium iodide by the aid of 
silver rf-camphor-sulphonate. 

When the mixture of benzylphenylaUylmethylanmionium 
^^-camphor-sulphonates is crystallized from acetone, a sparingly 
soluble fraction is obtained, and this, when treated with 
potassium iodide, yields an optically active iodide, N(C 7 H 7 ) 
(C,H,)(C 3 H 3 )(CH 3 )I, with [M]^ + 192°. 

//. 0. Jones (J. C. S. 1903, 1418; 1904, 223) has resolved 
phenylbenzylmethylethylammonium iodide and phenylmethyl- 
ethylallylammonium iodide by means of silver ti-bromo-camphor- 
sulphonate. Jones has observed that many of these salts show 
a tendency to undergo racemization, and during the fractional 
crystallization of the salts it is advisable to keep the tempera- 
ture as low as possible. Auto-racemization (p. 267) occurs 
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when the cold chloroform solutions are kept in the dark, a 
phenomenon also observed by Pope and Harvey (J. C. S. 1901, 
828) with other optically active ammonium salts, and probably 
due to a partial dissociation of the quaternary ammonium salt 
into tertiary amine and alkyl iodide and subsequent recombina- 
tion. (For other optically active ammonium salts, see Wedekind^ 
B. 1905, 38, 1838; Thomas and Jones^ J. C. S. 1906, 280.) 

Quinquevalent nitrogen derivatives of the type Na. 2 bcX, 
e.g. phenylallyldimethylammonium iodide, phenyldipropyl- 
methylammonium iodide, &c., do not exist in isomeric modi- 
fications, and attempts to resolve such compounds into optically 
active components have given negative results (J. C. S. 1897, 
522; 1903, 1141, 1406; 1904, 412). Aschan (Zeit. phys. 1903, 
46, 304) has prepared isomeric cyclic nitrogen compounds 
containing two quinquevalent nitrogen atoms, viz.: 




OHg-CTI 


Br 


CH, . CBr CHjn. /CHj . CH, 




Br 


The one compound is formed by the union of ethylene-di- 
peridide with trimethylene bromide, and the other" by the 
combination of trimethylene-diperidide with ethylene bromide. 
This isomerism can be accounted for if the bromine atoms and 
the central ring lie in one plane and the other rings in a plane 
at right angles to the first. 

A similar compound containing one nitrogen atom, 


has been shown by Scholz\B. 43, 2121) to jexist in two opti- 
cally active forms. 

Methylethylaniline oxide, NPhMeEtO, has been resolved into 
active modifications by means of bromocamphorsulphonic acid. 
The base itself, probably NPhMeEt(OH) 2 , has [ajo— 25° (Metr 
senheimer, A. 1911, 385, 117). 

The compound, I • NMelStPh • CHg • CH 2 • CH 2 • NMeEtPhI, 
containing two similar asymmetric nitrogen atoms, like 
tartaric acid, exists in two inactive forms, but so f^f 
neither has been resolved into active components. The 
compound, I*NMoPh(C 3 H 5 )-CH 2 CH 2 *CH 2 *NMePhBz-T, con- 
tains two dissimilar asymmetric nitrogen atoms, and should 
resemble cinnamic acid dibromide, and exist in two pairs of 
enantiomorphous compounds. In reality two inactive formS 
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have been isolated, but so far both have resisted all attempts 
at resolution {JVeilekind^ B. 1910,43, 2707; 1916, 49, 942). 
When an asymmetric nitrogen atom is introduced into an 
active compound already containing an asymmetric carbon 
atom, two active stereoisomerides, which are not optical anti- 
podes, are formed, just as two products are formed when a new 
asymmetric carbon atom is introduced into an active compound. 

An interesting case of the existence of four stereoisomeric 
compounds of the type, abC:N«N:Ccd, has been demon- 
strated, viz. with the compound, CHPh:N*N:C(SMe)«S'CH 2 
{Buschy J. pr. 1916, 93, 25). The four possi- 
bilities are: 


N N N N N N N N 


a.O.b c.C.d b-C-a c-C-d 


a-C-b d-C-c 


b*C«a d*0«c 


Meisenheimer (A. 1913, 397, 273) claims to have proved 
the non-equivalence of the five valencies of the quinquevalent 
nitrogen atom by the following series of reactions, starting 
with trimethylamine oxide (p. 115): 


1 . 


2 . 


McaNiO 

MegN.-O 


HI 

ITCl 


Me3N<T 

,, ,,/OH NaOE 
Me3N<;(ji — 


Me3N<on; 

Me3N<oS. 


As far as could be ascertained, the final products in the two 
reactions were not identical but isomeric, as the solution of 
the first compound when evaporated yielded trimethylamine, 
an aldehyde, and water, whereas the product from the second 
series of reactions under similar treatment gave trimethyl- 
amine oxide anS the alcohol R*OH. In a similar manner 

isomeric compounds NMeg<^Q^i have been prepared by the 

following series of reactions: 


1. MegNiO-fKI 

2. MegNiOH Eli 


Me3?J<T Me3N<Si; 

Me3N<T Me3N<gg‘. 


Compare also A. 1913, 399, 366, 371, 377. 

When three different groups are present in the trialkyl- 
amine oxide, it can be resolved into two enantiomorphous, 
optically active forms by means of tartaric acid. 
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Various suggestions for the spatial arrangement of the five 
groups around the quinquevalent nitrogen atom have been 
made. The one propounded by BischoJ^ represents the nitro- 
gen atom as located at the centre of a pyramid on a rectangular 
basis and the five groups as situated at the solid angles, the 
four alkyl groups occupying the basal angles, and the halogen 
the apex angle (I). Another arrangement suggested by Will- 
gerodt represents the nitrogen atom at the centre of a double 
pyramid on a triangular base, i.e. a double tetrahedron configu- 
ration (II). The latter arrangement has received but little 
support owing to the fact that the theoretical number of 
isomerides possible with such an arrangement is much gi'eater 
than the number actually found in practice. Thus ^two com- 
pounds Na 3 bX, three compounds Na^beX, one of which should 
exist in optically active forms, and four isomerides NabedX, all 
of which should be resolvable. 


d 




Within recent years several chemists (ZT. 0, Jones and Dan- 
lop, J. C. S. 1912, 101, 1751; Meisenheimer, A. 1913, 397, 300; 
Komatsu, Abs. 1918, i, 426; Neogi, J. A. G. S, 1919, 41, 622) 
have suggested that the four valencies attaching alkyl groups 
to nitrogen are distributed ih a manner similar to the four 
valencies in the quadravalent carbon atom, and that the fiftl^ 
valency occupies quite a different position, e.g. is present in an 
outer sphere or is symmetrically placed with respect to the 
other four valencies. In reality this is equivalent to repre- 
senting the nitrogen atom as quadravalent, and hence the 
spatial arrangements are similar to those of carbon. 
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Neogi (loc. cit.) suggests that in tervalent nitrogen com- 
pounds the three valencies are not in a plane, hut that the 
nitrogen atom may he regarded as occupying the one angle of 
a tetrahedron and the three radicals the remaining three 
angles. Although such a formula is not in harmony with the 
non-resolution of compounds of the type Nabc, it accounts for 
the stereoisomerism met with in the case of oximes and phenyl- 
hydrazones and also for the existence of enantiomorphous 
amine oxides of the type NabcO. 

He accepts the tetrahedral structure of the substituted 
Simmonium compound, the nitrogen atom occupying the centre 
of the tetrahedron and the four alkyl groups the four angles, 
and assumes that the ionizable radical X is disposed of in some 
manner which does not affect the tetrahedral arrangement. 

Such a tetrahedral arrangement is in complete harmony with 
the following results, which have been established by experi- 
ment; 

1. The non-equivalence of the fifth valency. 

2. The non-existence of isomerides of the types NagbX and 
Na,bcX. 

3. The existence of two enantiomorphous isomerides NabcdX. 

4. The existence of four active isomerides of the type 
Cabc*NabcX. 

The discovery of compounds in which nitrogen is attached 
to five hydrocarbon groups, e,g, tetramethylbenzylaihinonium, 
NMe 4 'CH 2 -Ph (p. 403), does not render the tetrahedral 
arrangement untenable, as in these compounds one of the five 
groups appears to occupy a characteristic position with respect 
to the nitrogen. It has been shown that solutions of such 
compounds in pyridine are electrolytes, and hence one of the 
alkyl groups is presumably ionizable as an anion in the same 
manner as the halogen atom in quaternary ammonium salts. 

G. Phosphorus Compounds. — Meisenheimer and Lichtenstadt 
(B. 1911, 44, 356) have obtained methylethylphenylphosphine 
oxide, OrPMeEtPh, in optically active forms. The base was 
prepared by combining methyl iodide with ethyldiphenyl- 
phosphine, liberating the base with moist silver oxide and 
then distilling, and was resolved by means of d-bromocamphor- 
sulphonic acid. The base has [ajj, + 33*8 in benzene solution. 
Somewhat similar experiments of Caven (J. C. S. 1902, 1362) 
and Ephraim (B. 1911, 44, 631) have given negative results. 

H. Cobalt Compounds. — Werner (B. 1911, 44, 1887, 2445, 
C272, 3279) has obtained optically active derivatives of cobalt. 
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It is pointed out that compounds like C 0 A 3 BCD, CoABCjjD.,, 
or C 0 ABC 4 should exist in optically active isomerides, pro- 
vided the cobalt atoms occupy the centre of an octahedron and 
the six radicals are situated at the solid angles, e.g , : 


C C 



D D 


Such active isomerides have been isolated in the case of 
l-chloro(or bromo)-2-ammine-diethyleriediamiTie-cobaltic salts, 
[CoBrNH..en.>]Bi^, where C., and are replaced by divalent 
ethylenediamine "radicals (NH 2 'CHo*CH 2 *NH 2 :). The reso- 
lution was effected by means of ^Z-bromocamphorsulphonic acid, 
and the active salts obtained were quite stable. Similar cases 
of isomerism have been met with in the case of chromium 
derivatives {Werner, ibid. 3132, cf. also A. 386 , 1). For stereo- 
isomeric platinum-derivatives, see Kirmreuther, B. 44, 3115. 

In the spatial arrangement only the non-ionizable groups 
within the brackets [ J are taken into account. The ionizable 
radicals are supposed to occupy an outer sphere and not to 
affect the spatial grouping of the other radicals. 

In the above cobalt compounds, when an unsymmetrical di- 
amine, e.g. NH 2 *CIl 2 *CHR*NH 2 , takes the place of DD, a 
sym. diamine the place of CC, and A = B, two series of com- 
pounds exist, a and fS (Ilelv. Chim. 1919. 1 . 51. 


XLVII. RELATIONSHIPS BETWEEN PHYSICAL PRO- 
PERTIES AND CHEMICAL CONSTITUTION 

A. Boiling-point. — Attention has been repeatedly drawn 
to the fact that in any homologous series the boiling-point 
tends to increase with the number of carbon atoms present 
(see pp. 31, 69, 147). 
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In the majority of cases the increase in boiling-point for 
eacli additional CH^ is not constant, but tends to decrease 
with increasing molecular weight {e,g. fatty acids, and espe- 
cially the paraffin hydrocarbons and alkyl haloids). 

In the case of the ethyl esters of the normal fatty acids the 
increase is fairly constant, and is about 2V for a CHg group 
{Kopp, 1842), e.g,: 

Difiference. 

Ethyl formate 64*5° oo.ro 

Ethyl acetate 77° ^ 2^0 

Ethyl propionate 98° 090 

Ethyl Dutyrate 120° 

Ethyl valerate 144*5° y9.ko 

^Ethyl hexoate 167° 0,0* 

Ethyl heptoate 188° ^ 

Ethyl octoate 208° ^ 

Ethyl nonoate 228° 

With the alkyl chlorides the difference between methyl and 
ethyl chlorides is 35°, and this difference diminishes by 2° foi* 
each subsequent homologue, so that the difference between 
heptyl and octyl chlorides is only 23° {Schorlemmer), 

Attempts have been made to find a general law for the 
diminution of the difference in boiling-point with increase in 
molecular complexity. Goldstein suggested the formula 

380 + (n — 1) 19 — 340-9° 

for the boiling-points of the normal hydrocarbons, where n = 
the number of carbon atoms; this gives good results up to 
CJ 2 H 20 , but not beyond. (Compale also Mills, Phil. Mag. [5], 
I7, 180 .) 

A comparison of isomeric substances shows that the boiling- 
points can vary considerably, even when the isomerides belong 
to the same series, e.g, the amyl alcohols : 

CH3(CH2)3.CH2.0H, 137°; 

(CH^aCH.CHa-CH^.OH, 131*6°; 

).CH2-0H, 128°; 

g)OH, 118*6°; 

• CH2-CH3, 116*6°; 

H, 112*6°. 



XU all such cases the normal compound has the highest 
boiling-point, and the more branched the carbon chain 
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becomes, the lower is the boiling-point. Generally there is a 
difference of 7® between the boiling-points of a pair of isomeric 
compounds of the type CHg • CH 2 • CHg • X and ( 0113 ) 2 'CH-X. 
According to Menschutkin^ in a group of isomeric alcohols, 
amines, or amides, the boiling-point falls as the side chain 
approaches the hydroxy- or amino-substituent. 

A comparison of isomeric esters, e.g . : 

n-Butyl acetate, CHa-CO-O^Hg, 124®; 

w-Propyl propionate, CH,‘CH 2 ^*C 0 * 0 «C 3 H 7 , 122*4®; 

Ethyl ?i-butyrate, CHo • CHg* CHo • CO • O • CjHg, 121 ®; 

Methyl n-valerate, CHa* ( 062 ) 3 * CO ‘OCHg, 127®, 

shows that the boiling-point is lower the nearer the oxygen 
atoms are to the middle of the carbon chain. 

A remarkable feature is the relatively high boiling-points of 
hydroxy lie compounds when compared with their isomerides 
or with closely related compounds. As an example, the 
n-acid isomeric with the last -mentioned group of esters, 
namely Tirhexoic acid, boils at 205®. A similar relationship 
can be shown by the comparison of an alcohol with the etherg 
isomeric with it. Similarly, a comparison of the boiling- 
points of the ethyl -derivatives, CgHg, OgH^-OH, CgHgdl, 
C 2 H 5 Br, C 2 H 3 NH 2 , C 2 H 5 *OEt, C 2 H 5 *CN, indicates the enor 
mous effect of the hydroxyl group on the boiling-point, or. 
again, a comparison of the boiling-point of an acid with those 
of its chloride, esters, anhydride, or nitrile. 

The effect of the introduction of halogen atoms has already 
been referred to (p. 59). The introduction of an atom o 1 
chlorine for hydrogen often raises the boiling-point some 60*" 
an atom of bromine about* 84®, and an atonj of iodine 110° 
and the introduction of a second or third chlorine atoir 
further raises the boiling-point, but not to the same extent. 

Extremely interesting is the fact that a saturated compounc 
and its ethylene analogue have very nearly the same boiling 
points (cf. propyl and allyl alcohols, both 97°; C 7 .H 13 anc 
C 7 H 14 , both 99®; propionic ac\d, 140*7®; and acrylic acid, 140°) 
although they differ considerably as regards most of thei 
other physical characteristics. Further, methyl ketones 
acetyl esters, and corresponding acid chlorides boil at ver] 
nearly the same temperature, e.g, acetone, methyl acetate, an( 
acetyl chloride at 55®- 56°; propyl methyl ketone, methy 
butyrate, and butyryl chloride at 101®~105° {Schroder^ B 
1883, 16, 1312). 
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B. Melting-point — Although, on the whole, in any homo- 
logous series the melting-points of the solid members tend to 
rise with increase in molecular complexity, in many series an 
alternating rise and fall is met with, the members containing 
an even number of carbon atoms melting at relatively higher 
temperatures than those with an odd number. This is the 
case with the higher fatty acids, as is readily seen when the 
melting-points are plotted against the number of carbon atoms. 



Many other series show a similar selationship, e,g, succinic acid 
and its homolog aes, ^vhere the melting-points are : 

C 4 , 180°; C 5 , 97°; C«, 148°; Cyi 1^3°; Cg, 140°; C», 106°; Cio, 127° 

(Compare also Beach^ Zeit. phys. 1904, 50, 43.) In the case 
of a group of closely related isomeric compounds it is found 
that the melting-point tends to, rise with the number of side 
chains or branches, e,g. CHg-CHg-CHg-CHo-OH is a liquid, 
and C(CH3)3*0H melts at 25°; or again, glutaric acid melts 
at 97°, methyl-succinic at 112°, and dimethyl-malonic at 117° 
The conversion of an acid into an ester always produces a 
lowering of the melting-point, and the methyl ester always 
has the highest melting-point of any of the esters derived 
from a given acid; in met, in many cases the methyl esters 
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are solids, and the ethyl and higher esters liquids at the 
ordinary temperature. 

In the aromatic series it is found that of the isomeric o-, 
m-, and p-compounds the para- has the highest melting-point. 
G, Schultz (A. 1881, 207, 362) has also shown that in the 
group of compounds, 

Nitro — ► azoxy — ► azo — ► hydrazo amine. 


the melting-point increases up to the azo-compound, and then 
falls again to the amine. According to Fra/achvmont (Jiec. 
1897, 16, 126), the melting-point of an organic compound is 
invariably raised when two hydrogen atoms attached to the 
same carbon are replaced by oxygen, or when a hydrogen 
atom is replaced by hydroxyl: cf. CftH«»CHo*()H and 0^11. • 
CO. OH, or and CJiJoH. 

C. Molecular Volume. — The relationships between specific 
gravity and chemical constitution are not so marked as in the 
case of other physical properties. Attention has already been 
drawn to the fact that in a homologous series the specific 
gravity either decreases with an increase in the number of 
carbon atoms, and tends to reach a minimum value (p. 147), 
or increases with the number of carbon atoms and tends to 
attain a maximum (p. 31). 

More interesting results have been obtained by an exami- 
nation of molecular volumes, i.e, the quantity weig ht 

specific gravity 

Kopp (1842) determined the molecular volumes of a number of 
carbon compounds, and came to the conclusion that in the 
case of closely related compounds the same difference in com- 
position corresponds with & similar difference in molecular 
volume, e.g,\ 


Mol. volume DllTerence. 


Alcohols, CH.'OH 

cA-oh.... 

CoHy-OH,... 

C4H9.OH.... 

Fatty acids, H-COaH...?. 

CHj-COaH.. 

CaHfi.COaH. 

C3H7.CO2H 


42-2 

62*2 

81-34 

101-58 

41-4 

63-7 

85-4 

107-1 


20 

19 - 14 

20 - 24 


22-3 

21-7 

21-7 


and further, that isomeric liquids have the same moleculai 
volumes, e,g. acetic acid 63*7, and methyl formate 63*4; pro- 
pionic acid 85-4, ethyl formate 85 3, and methyl acetate 84*8 
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The replacement of an atom of oxygen or an atom of carbon 
by two atoms of hydrogen does not appear to alter the mole 
cular volume to any considerable extent : 

Methyl alcohol, CH4O.... 42-1 Amyl alcohol, CfiHi 20 .... 124*0 

Formic acid, CH 2 O 2 41*4 Ether, C 4 H 100 106*0 

Benzyl alcoW, CVHgO... 123*7 Butyric acid, C 4 H 8 O 2 107*1 


The difference due to a CH., group is roughly 22, and since 
the atomic volume of carbon is twice the atomic volume of 
hydrogen, it follows that the atomic volume of carbon =11 
and of hydrogen = 6*5. Kopp also indicated that the atomic 
volume of a polyvalent element, e.g. oxygen, is not a constant 
quantity, but varies according to the manner in which the 
oxygen atom is united to the other atoms in the molecule. 

Thus in the form of a carbonyl group, ^C:0, the atomic 

volume of oxygen is 12*2 (carbonyl oxygen), but in the form 

of or ^C*0*H (oxidic oxygen) it has the value 

7*8. Similarly, Schiff has shown that the carbon atom can 
have different values according as it is united to another 
carbon atom by a single, double, or triple bond. Thus each 
double bond causes an increase of four units in the molecular 
volume. By means of these atomic volumes it is possible to 
calculate the molecular volume of any simple carbon com- 
pound, e,g, ethyl formate, H-CO-O-CHg’CHg, 


3C = 33 \ 
6 H = 33 I 
10: = 12*2f 
l-O- = 7*8j 


86 * 0 , 


and the value actually obtained by experiment is 86-86. 
Although such generalizations as those mentioned are of 
considerable theoretical importance, the method is not one 
which has been used to any great extent for determining 
the constitution of chemical compounds (compare molecular 
refraction and molecular magnetic rotation). This is partly 
due to the fact that the specific gravity, and hence the mole- 
cular volume, vanes with the temperature. At first, Kopp 
made all his determinations at 0®, but obtained better results 
by taking the specific gravity at the boiling-point of the 
li<][uid. ft is not necessary to actually make the determin- 
ation at the boiling-point, but to determine the specific gravity 
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at a lower temperature, and then to correct for the coefficient 
of expansion as determined by the dilatometer. In reality, 
the determinations should be made at temperatures when the 
liquids are all in an exactly comparable condition, viz. at the 
critical point (compare Zeit. phys. 1890, 6, 578). More recent 
determinations of molecular volumes by T. E. Thorpe (J. C. S. 
1880, 327) indicate that isomeric compounds have not always 
the same molecular volumes, and that the differences amount 
to several units per cent, but that elements such as chlorine 
and bromine in the liquid state have the same atomic volumes 
as in their organic compounds (compare also Lossen, A. 1883, 
214, 138 ; Horstrmnn, B. 1885, 20, 766; Schiff, A. 1884, 220, 71; 
Zahnder, A. 1883, 214, 138). 

D. Molecular Refraction. — It has been shown that the 
molecular refraction, like the molecular volume, is to a large 
extent an additive property, ue. the molecular refraction is 
the sum of the atomic refractions of the atoms present in the 
molecule, but, in addition, that it is to a certain extent consti- 
tutive; thus the oxygen atom has distinct atomic refractions 
according to whether it is in the carbonyl or oxidic state of 
combination. 


The refractive index itself, n = sine of angle of incidence 

Sine of angle of refraction 
does not lend itself to the study of generalizations, but, 
according to Gladstone and Dale (1858), such generalizations 

are found when the specific refractory power, ^ (where 


d = specific gravity), is employed. This specific refraction 
varies but little with the temperature; thus with water: 


t 0* 10* 20* • 90* lOO* 

Specific refraction... 0*3338 0*3338 0*3336 0*3321 0*3323 


and is not largely affected by the presence of other substances. 
A second formula for the specific refractive power has been 


introduced by Lm'entz and Lorenz, viz. 


1 


this has the 


(w2 + 2)d' 

advantage that the value appears to be independent of thei 
physical state of the compound; 


Lorentz- Lorenz Oladztone-Dale 

t Gas. Liquid. Gas. Liquid. 

Water 10° 0-2068 0-2062 0-3101 0-3338 

Carbon disulphide 10° 0 2898 0 2805 0-4347 0-4977 

Chloroform 10° 0 1796 0 1790 0-2694 0 3000 
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When the refractive powers of cliflerent substances are com- 
pared, it is usual to employ the molecular refractive poweis 
rathei* than the specific refractions. The molecular refraction 
is the product of the specific refraction into the molecular 

weight; according to Gladstone and according to 

Lorentz-Lorenz — Iv 

d{n^ + 2 ) 

As the refractive index differs with light of different wave- 
lengths, it is necessary to determine the value of n for mono- 
chromatic light, and to indicate the special light employed; 
generally determinations are made foi‘ the D line in the 
sodium, or the a line in the hydrogen spectrum, and arc 
carried out in hollow prisms coritjiining the liquid and pro- 
vided with sides of plate glass. 

Lmdoli examined the molecular refractions of the members 
of several homologous series, and came to the conclusion that 
the molecular refraction is an additive quantity, and that 
similar changes in composition induce similar changes in the 
molecular refractive power: 

Alcohols Acids 

M(n-1) 

d Dm ~ d 

CHa-OH 13*17 H-COgH 13*91 

CgU,.OH 20*70 CH 3 .CO 2 H 21*11 

C 3 B 7 .OH 28*30 CgHfi-COgH 28*57 

C 4 H 0 .OH 36*11 CgHy.COgH 36*22 

CgHii-OlI 43*38 ”^'"*^ C 4 H 9 .CO 2 H 44*05 

and similarly for various groups of esters, the mean value for 
the CHj^ group being 7*6 units. By methods similar to those 
described under molecular volumes, values were obtained for 
the atomic refractive powers of the elements for the a line, 
e,(/, G = 5, H = 1*3, 0 = 3, Cl = 9*79, Br = 15*34, &c. The 
values thus obtained for the halogens are practically identical 
with those determined for the elements in the free state. 
The molecular refraction of any simple carbon compound can 
be calculated by adding together the atomic refractions of the 
constituent elements. Thus, for ethyl alcohol, CgHgO, the 
calculated molecular refraction is 2x5 + 6xr3 + 3 = 20*8, 
and that actually found experimentally is 20*7. 

According to Landolty the molecular refraction is purely 
additive, and thus isomeric compounds should possess identical 
molecular refractive powers. This is largely true in certain 


Diff. 

— 7*20 

— 7*46 

— 7*65 

— 7*83 
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cases, e.g, the compounds CgHgO- — propionic acid, 28*67: 
methyl acetate, 29*36; and ethyl formate, 29*18. 

In a series of investigations begun in 1878 (A. 1879, 200 , 
139; 1880, 203 , 1 and 255) BrM has examined the influence 
of atomic grouping on the molecular refraction, and has been 
able to show that the property is not purely additive, but to a 
certain extent constitutive. Thus a comparison of the experi- 
mental and calculated values for unsaturated and the corre- 
sponding saturated compounds at once exhibits anomalies : 


Allyl alcohol, CgHgO... 
Propyl alcohol, CaETgO, 


M(n- 1) 

d 

Observed. 


for a-llne. 

Calculated. Difference. 


27*88 25*8 2*08 

28*60 28*4 • 0*2 


Similarly in other unsaturated compounds it is found that a 
double bond between two carbon atoms usually increases the 
molecular refraction by about two units (mean value 2*15), 
and a triple bond by 1*95 unit. 

Other polyvalent elements have atomic refractions which 
vary with their state of combination ; thus oxygen in carbonyl 
compounds has the value 3*4 in hydroxy-derivatives, and in 
ethers the value 2*8. The following is a list of some of the 
more important atomic refractions used by Gladstone and by 
BrM: 

Bruhl 


Carbon in saturated compounds 

Oladutone. {L.^L. formula) 
6*0 2*365 

Hydrogen 

1*3 

1*103 

Carbonyl oxygen in ^C:0 

3*4 

2*328 

Ether oxygen in ^C«0»C^ 

2*3 

1-655 

Hy droxy lie oxygen in ^C*0 'll 

2*8 

1*506 

Chlorine 

9*9 

6*014 

Bromine 

15*3 

8*863 

Iodine 

24*5 

13*808 

Ethylene bond , 

2*1 

1*830 

Acetylene bond 

Sulphur in C:S 

1*95 

2*22 

16*0 

. . . 

Sulphur in C*S-I1 

14*1 

... 

Nitrogen in compounds '^C»N<^ 

. 

2*76 


Bruhl has employed the molecular refraction for the investi- 
gation of certain tautomeric substances, e.g. ethyl acetoacetato. 
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The observed value for the a line is 31*89, and the values 
calculated for the ketonic and enolic formulae respectively, 
31*53 and 32*55: 


CHs-CO.CHa* 

CO.OCaHi 

CHs*C(OH):CH. 

CO.OOaHfi 

60 

= 14*190 

60 

= 14*190 

10 H 

= 11*03 

1 ethylene bond 

= 1*836 

20 (carbonyl) 

= 4*656 

lOH 

= 11*03 

1 0 (ether) 

= 1*655 

10 (carbonyl) 

= 2*328 



1 1 0 (ether) 

= 1*655 


31*531 

10 (hydroxyl) 

= 1*506 



! 

32*545 


The conclusion to be drawn from these numbers is that the 
ethyl acetoacetate at the ordinary temperature consists mainly 
of the ketonic form, but probably contains a small amount 
of the enolic. Bmhl also tests the purity of numerous com- 
pounds prepared by him, by means of molecular refraction and 
dispersion determinations in place of ordinary combustions. 
Perkin and Gladstone have examined the molecular refractive 
powers of several di- and triketonic substances. For acetyl- 
acetone at 11 °, using the formula M(n— l)/c? for the a line, 
the value 45*17 was obtained, and this decreased to 44*14 at 
99*3°. The ketonic formula requires 42*2, the mono-enolic 
43*7, and the di-enolic 45*2. At 11 ° the diketone undoubtedly 
consists mainly of the dihydroxylic compound CH 3 * 0 ( 011 ): 
D:C( 0 H)*GH 3 , and at the higher temperature, probably of a 
mixture of the mono- and dihydroxylic forms. 

Later measurements by Auwers (B. 1911, 44 , 3530) for 
keto-enolic equilibrium mixtures show close agreement with 
the results obtained by Meyer 111), and still later experi- 
ments (A. 191}^, 415 , 169) show that the examination of 
specific refractivities and dispersions can be used for differen- 
tiating between the keto and enolic forms of simple aldehydes 
ind ketones, but is of no value in the case of ^-cli-ketones, as 
the mono-enolic form then contains a conjugate system of 
loublo bonds, which produces, an abnormal increase in the 
-efraction and still more in the dispersion. 

Stereo-isomeride‘» of the type of maleic and fiiraaric acids 
lave not necessarily the same molecular refraction. Simple 
'ing formation has but little effect on the molecular refraction ; 
n the case of polymethylene compounds it produces an incre- 
ment of from 0*5 to 0*7, and in discussions bearing on the 
itructure of terpene hydrocarbons weight is attached to the 
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values for molecular refraction, as it is frequently a choice 
between a bicyclic formula with no double bond or a mono- 
cyclic formula with a double bond (B. 33, 3124; 40, 1120), 
the latter producing an increment of 2 units. This method 
has been used in the case of thujone and sabinene. 

A hemicyclic double bond, ie, an olefine linking between a 
carbon atom in the ring and one in the side chain (cf. terpin- 
olene, p. 611, and /S-phellandrene, p. 612), produces a greater 
exaltation than an olefine linking in the ring, e.g. an increase 
in Mj) of 0*4. This generalization is of value in discussions 
on formulae of terpene derivatives; for example, it agrees with 
the hemicyclic linking in camphene. 

Conjugation of double bonds produces pronounced exalta- 
tion of molecular refractivity, and abnormally high values for 
Md can frequently be used as an argument for the presence of 
such conjugate linkings in the compounds concerned, e.g. in 
the case of a-terpinene (p. 610). The effects of conjugation 
are not simple, and are dealt with in Chap. L, C. 

Auwers and Eisenlohr (J. pr., 1910, 82 , 70; Zeit phys., 1910, 
78 , 585; 1912, 79 , 129) have shown that similar relationships 
hold for specific and molecular dispersivity. The dispersivity 
is the difference between the refractivities for colours of dif- 
ferent wave-lengths, e.g.\ 

r — 1 _ — 1 

^ + 2)ci (ri^a + 2)d 


and 




1 

\n% + 2 


n^a — 1 

+ 2 / 3 * 


For comparative purposes these authors use the values 100 
(sp. dispersivity) and find thut it varies more markedly than 
refractivity with constitution. ' 

Auwers and Schmidt (B. 1913, 46, 457) show that normally 
the values for specific refractivity and dispersive power follow 
the order acid > chloride > ethyl ester. This also holds for 
many dibasic acids, and points to the symmetrical structure 
for succinyl and phthalyl chlorides (pp. 248, 493). 

E. Molecular Magnetic Eolation. — This is quite distinct 
from the ordinary optical activity exhibited by substances 
with asymmetric molecules, and is common to practically all 
substances when they are examined by means of a polarimeter 
in a strong magnetic field. The tube containing the liquid to 
be examined is placed end on between the two poles of an 
electro-magnet, these poles being pierced in order that the ob- 
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server may take readings, and the apparatus is often jacketed 
in order that the temperature may be kept constant. (For 
new form of apparatus, see J. C. S. 1906, 608.) When the 
magnetic field is changed, it is found that the amount of 
rotation remains the same but changes sign, and in each 
determination several positive and several negative readings 
are made. The rotations of all substances are compared with 
water under the same conditions, and thus the molecular 


magnetic rotation is where M is the molecular weight 

1 8 Of^vCl 

of the substance, a its observed rotation using a column of 
liquid I cm. long, and d the specific gravity of the liquid; 
18 is thft molecular weight of water, a, its observed rotation, 
dj its density, and the length of column used. As a rule 
1=1^ and — I (approx.). An examination of different 
homologous series by tV. H, Perkin^ Sen.y showed that for an 
increase of CHg in the molecule there is usually an increase of 
1*023 units in the molecular magnetic rotation. At first, 
Perkin attempted to obtain atomic magnetic rotations for each 
element in the same manner as already described for atomic 
volumes and atomic refractions; the values so obtained gave 
good results with several distinct series, but could not be 
applied generally. The method of using series constants was 
then adopted. The molecular magnetic rotation r of a com- 
pound may be represented as: 


r = C + nl*023. 


Where C is a constant which varies with different homolo* 
gous series, n is the number of carbon atoms present. 


A few of the constants are : 

• 


n-Paraffius 

. 0*513 

Higher esters 

Aldehydes 

.. 0*337 

wo-Parafl&ns 

. 0*631 

.. 0*263 

71-Alcohols 

. 0*699 

Alkyl chlorides 

.. 1*988 

iso- Alcohols 

. 0*844 

Alkyl bromides 

.. 3 816 

7i- Fatty acids 

Alkyl acetates 

,. 0*391 
. 0*370 

Alkyl iodides 

.. 8*01 1 

If in any series 

it is required to calculate the molecular 


magnetic rotation of a member, this is readily accomplished 
by adding n x 1 *023 to the series constant ; thus for w-nononic 
acid we have 

0*391 + 9 X 1*023 = 9*698, 

and the value actually found by experiment is 9*600. 
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There is usually a definite relationship between the values 
for an unsaturated compound and its saturated analogue, e.g.\ 


Diff. 

Ethyl crotonate... 7*589 
Ethyl butyrate.... 6*477 


Ethyl oleate 21 *909 

Ethyl stearate... 20*797 


Difl 

1*112 


With ally I compounds the difference is not so great; thus 
the difference between allyl alcohol, 4*682, and propyl alcohol, 
3*768, is only 0*914, and similarly for other ally! compounds. 

These facts have been used as arguments in the determina- 
tion of the constitution of undecylenic acid (J. C. S. 1886, 205). 
The difference in molecular magnetic rotation between unde- 
cylenic acid, CjoIIjy'COgH, and undecylic acid, CigH^j-COgH, 
is 0*897, and similarly for the esters the difterence ]s 0*890. It 
is argued that this difierence approximates to 0*91, the usual 
difference between an allyl compound and the corresponding 
saturated derivative, and hence undecylenic acid is presumably 
an allyl derivative with the formula UH2:CH[CH2]8*C02H. 

The molecular magnetic rotatioTi of a complex compound can 
be calculated by taking as the series constant the mean of the 
series constants of the various groups of compounds which it 
represents. Thus ethyl lactate, CH3*CH(OH) *00202115, pos- 
sesses the groupings characteristic of an ethyl ester and also of 
a secondary alcohol ; the series constants for these are : 

Ethyl ester = 0*337 ; secondary alcohol = 0*844. Mean = 0*590. 


The series constant for ethyl lactate and homologues is thus 
0*590, and the molecular magnetic rotation of the lactate 

5 X 1 *023 -V 0*590 = 6*705, 

« 

which agrees very well with the experimental value, 6*720. 
The values of their molecular magnetic rotations have been 
used by Peikin in discussions on the constitutions of certain 
tautomeric compounds, especially those of the keto-cnolic type. 

In the case of ethyl acetoacetate, the molecular magnetic 
rotation for the ketonic form»may be calculated as follows: 


Series constant for alkyl acetate 0*370 

Series constant for ketone 0*376 

Mean... 0*372 

Molecular rotation = 6 X 1*023 + 0*372 = 6*610. 


For the enolic form — ethyl )8-hydroxy-crotonate, CH3 *0(011): 
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GH-COgCgHg — the molecular rotation may be calculated by 
the two following methods: 


1. Molecular rotation of ethyl crotonate 7*589 

OH replacing H as in alcohol 0*194 

Molecular rotation of ethyl hydroxy-crotonate 7*783 

2. Molecular rotation for ethyl /9-hydroxy-butyrate 6*737 

Difference between unsaturated and corresponding satu-1 

Molecular rotation for ethyl hydroxy-crotonate 7*849 


The experimental value actually found for ethyl acetoacetate 
at the ordinary temperature is 6*501, and this indicates that, 
at this temperature, the ester consists essentially of the keto< 
form. Some general conclusions drawn by Perkin are: — 

(i) That monoketonic compounds and keto- esters, which 
react as tautomeric substances, as a rule, have the ketonic and 
not the enolic structure, except when a number of negative 

¥ roups, such as phenyl and carboxethyl, -COgCgHg, are present. 

heae have an enolizing tendency, as shown in ethyl benzoyl- 
acetate, CgHj-CO-CHg-COgCgHg, which, according to Perkin^ 
is a mixture of some 75 per cent of the keto- and 25 per cent 
enolic compound. 

(ii) Acetylacetone at 17*^ consists of a mixture of some 
80 per cent of the hydroxy-ketone, CHg • CO • CH : C(OH) • CHg, 
and some 20 per cent of the dienolic form, CH 3 *C(OH):C: 
C(0H)*CH8. If alkyl radicals replace the hydrogen atoms 
of the methylene group of acetylacetone, the tendency to form 
the enolic lorm is less marked, whereas the introduction of 
negative groups, -COgEt, increases the tendency. 

(iii) Rise of temperature favours ketonization. 

(For full details, see J. C. S. 1884, 421; 1886, 205, 777; 
1887, 362, 808; 1888, 561, 695; 1889, 680; 1891, 981; 1892, 
800; 1893,488; 1894,402,815; 1895, 255; 1896, 1026; 1900, 
267; 1902, 177, 292.) 

F. Absorption Spectra . — Ostwald (Zeit. phys. 1892, 9, 579) 
has studied the absorption spectra of groups of closely related 
coloured compounds, e.g, a series of soluble metallic perman- 
ganates, various salts of fluorescein, eosin, and rosolic acid, and 
has been able to show that, in dilute solutions, the absorption 
spectrum of a salt is the sum of the spectra of the ions; thus 
all the permanganates gave practically the same absorption 

due to the Mn^Og ion. 
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Hartley and others have carried out numerous investigationa 
on ultra-violet absorption spectra of carbon compounds, and 
extremely important relationships have been established. 
(For references, see B. A. Reports mentioned in Preface.) 
Hartley photographed the spark spectrum of an alloy ’of tin, 
lead, cadmium, and bismuth after it had passed through a 
solution of the substance under examination. It was found 
that practically all open-chain and even the closed-chain poly- 
methylene compounds give no distinct selective absorption; 
they are remarkably transparent to ultra-violet rays. 
Numerous exceptions, e,g. ethyl acetoacetate derivatives, 
ketones, and practically all ketonic compounds, whether open- 
chain or cyclic, have since been met with {Baly and Desc\ 
J. C. S. 1904, 1039). In any given series, e.g. the alcohols, it 
is usually found that each increment of CHg produces a slight 
increase in the absorption of the more refrangible rays. 

Benzene derivatives, naphthalene, anthracene, phenanthrene, 
and their derivatives, also pyridine, quinoline, dimethylpyrazin, 

alcoholic or aqueous solutions, exhibit, in 

many cases, distinct absorption hands. Most of the terpenes, 
furane, thiophene and pyrrole derivatives, piperidene and re- 
duced benzene derivatives, resemble the aliphatic compounds. 

In all cases Hartley examined the absorption for solutions of 
very different concentrations, always increasing the dilution 
until complete transmission was obtained. He also used layers 
of the given solutions of different lengths, and then plotted the 
results in the form of curves, putting the oscillation frequencies 
(reciprocal of wave-lengths) as abscissae, and equivalent thick- 
nesses of solution as ordinals. Thus with two solutions, one 
*01 N and the second OOlN, and using layerS of each 30, 20, 
15, 10, 5 mm. thick, the equivalent thicknesses are 300, 200, 
150, 100, 50, 30, 20, 15, 10, and 5, and these numbers are used 
in the plotting. Baly and Desch have used the iron arc spectrum 
and a glass cell with quartz ends for containing the solution, 
so arranged that the length of the column of liquid can easily 
be varied. They also plot the oscillation frequencies against 
the logarithms of the relative thicknesses of liquid. It i» 
claimed that from the absorption curves so plotted it is 
very much easier to compare the relative persistence of the 
absorption bands. 

Hartley examined a number of isomeric benzene derivatives, 
e.g, xylenes, cresols, and dihydroxy-benzenes, and found that 
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the oscillation frequency of the extreme rays transmitted 
follows the order ortho — meta — ^ para, Le. the para-com- 
pounds exhibit the greatest absorption. The same generaliza- 
tion does not hold for other groups of compounds, e,g, the 
hydroxy-benzoic acids. 

A most important fact is that the introduction of a methyl 
group for a hydrogen atom affects the absorption spectrum 
but little; as a rule, it slightly increases the general absorption, 
but does not alter the general character of the spectrum, e,g. 
benzene and toluene, benzoic acid and methyl benzoate. 

This fact has been largely used by Hartley and Dohhie in 
discussions on the constitution of certain tautomeric substances, 
more especially those of the lactam-lactim type. A study of 
the general chemical properties of isatin (p. 553) does not 
render it possible to say whether this compound has the 
lactam constitution I, or the lactim constitution II: 

I C«H*<gJ>CO II CeH,<^>C.OH. 

Although isatin itself exists in one form only, 5:7-dimethyl- 
isatin exists both as a lactam melting at 243" and a lactim, 
red crystals melting at 204°. (B. 1918, 61, 180, 1270.) Isatin 
gives rise to the two distinct methyl ethers: {a) methyl -isatin, 
III, a solid melting at 101°, readily hydrolysed, and obtained by 
the action of methyl iodide on silver isatin ; {h) pseudo-methyl- 
isatin, IV, a solid melting at 134°, not readily hydrolysed, 
and prepared by heating methyl-dibromo-oxindole with water: 

III C8H4<^>C.0CH3 IV 

An examination of the absorption curves of the three com- 
pounds, isatin, inethyl-isatin, and pseudo-mcthyl-isatin ( J. C. S. 
1899, 640), shows that the curves for isatin and the pseudo- 
ether are practical identical, both possessing two bands of 
similar intensity and differing considerably from that of 
methyl-isatin, which consists of a single band. There can be 
no question but that isatin itgelf has a constitution similar 
to that of the pseudo-methyl ether; and since the reactions 
’of this prove beyond doubt that it is a nitrogen and not an 
oxygen ether, isatin must have the lactam constitution repre- 
sented by formula L Similarly carbostyril (p. 580), by a com- 
parison of its absorption curve with that of its two methyl 
ethers, can be shown to possess the lactam constitution I and 
not the lactim constitution II: 
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I C,H, 


AMiCH. 

*^H.CO 


/CH:CH 

" «A<n=o.o: 


and o-oxycarbanil, obtained by fusing o-amino-phenol hydro- 
chloride with carbamide, has an absorption spectrum practi- 
cally identical with that of its N-ethyl ether, and hence has 

NH 

the lactam constitution CgH^c^Q ^CO. 

Stereo-isomeric alkaloids rive identical absorption spectra 
(J. C. S. 1900, 498, 509), ana the study of absorption spectra 
has been used to distinguish between the carbinol and am- 
monium formulae for hydroxylated alkaloids, e.g. cotarnine 
(p. 595) and hydrastinine. An aqueous solution of cotarnine 
gives an absorption spectrum similar to that of tlfe hydro- 
chloride in water, whereas a solution of the base in dry 
ether gives a spectrum similar to that of hydrocotarnine, 
hence it is concluded that in water the base has the ammonium 
formula II analogous to the chloride I, whereas in ether it 
has the carbinol structure IV analogous to hydrocotarnine 
III, where X = CH^ : OeH . OMe. (Cf. J. C. S. 1911, 99, 
1340; 1914, 106 , 1639. 

/CHgiNMeCl /CHgrNMe.OH 

XCHa . CHg NCHj . CHg 


III X< 


CHo-NMe 


\CH,. 


IV x/ 


CH(OH).NMe 


Hartley and Dohhie (J. C. S. 1900, 498) have also examined 
the absorption spectra of the three dibenzoyl-succinates ob- 
tained by Knorr. According to the latter, the a-compound has 
the enolic constitution I, whereas the two solid and y-com- 
pounds are stereo-isomeric ketones with constitution II : 


OH.CPhiC.CXlgEt COPh.CH.COgEt 

OH.OPhrC.COgEt ^ COPh.CH.COjEt 


In accord with this view is the fact that the and y-com- 
pounds give practicf^lly the same spectrum, which differs, how- 
ever, considerably from that hf the a-compound. The trans- 
formation of the a- into a mixture of the p- and y-compoundsi 
can readily be followed by examining alcoholic solutions at 
different intervals of time; at the end of three hours, consider- 
able change has taken place, and at the end of three weeks the 
ketonization is practically complete. 

Baly and Desch have found that although ethyl aceto- 


(B480) 


24 
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acetate in dilute solution, and its two ethyl derivatives 
CHg.CO.CHEt.COgEt and CH3.C(0Et):CH.C02Et, give no 
selective but only general absorption, the metallic derivatives, 
e.g, ethyl sodio-acetoacetate, have distinct banded absorption 
spectra, and that even the addition of a small amount of alkali 
to ethyl acetoacetate produces a banded spectrum. Acetyl- 
acetone itself and its aluminium, beryllium, and thorium deri- 
vatives all give banded ultra-violet absorption spectra. Since 
neither the C- nor the 0-ethyl derivative of ethyl acetoacetate 
produces selective absorption, it would appear that the char- 
acteristic band in open-chain compounds cannot be due to 
either the ketonic or the enolic constitution, and Baly and 
Desch drew the conclusion that these absorption bands are 
only produced by compounds which are in an actual state of 
change, for example, passing alternately from the ketonic to 
the enolic form; in all cases valency changes (desmotropism), 
and in particular cases, e.g, keto-enolic compounds, a wander- 
ing of a labile atom (tautomerism) occur. Within certain 
limits the same type of valency change produces an ultra- 
violet absorption Wnd in the same position, although the 
compounds undergoing change may contain elements of very 
different atomic weights, e.g, hydrogen, sodium, aluminium, 
thorium; the vibrations in the molecule which synchronize 
with the oscillation frequency of the rays absorbed cannot, 
therefore, be the vibration of the labile atoms themselves, but 
may be due to the change of linking (J. C. S. 1905, 768), 
i.e.^ according to the electronic theory, to the vibrations of the 
valency electrons. The persistence of the band over a definite 
range of concentration is taken as a measure of the relative 
number of molecules which are actually undergoing change. 

The absorption bands characteristic of simple benzene deri- 
vatives may be accounted for in a somewhat similar manner 
(J. C. S. 1904, 1029; 1905, 1331). In the case of simple 
benzene derivatives, especially hydrocarbons, seven distinct 
bands are visible, due to seven distinct valency changes. 
(Compare also J. C. S. 1906, 514, 983; 1907, 449, 1122; 1908, 
1906; 1910, 571, 1337, 1494.) 

® By means of a fluorspar spectrograph. Stark (Abs. 1913, ii, 
363, 365, 366) finds evidence of absorption bands in the 
extreme ultra-violet region given by saturated hydrocarbons 
such as cyclohexane and camphane. The di- and tet^a^ 
hydro-benzenes give absorption bands similar to those charac- 
teristic of olefine derivatives, whereas benzene gives a totally 
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different spectrum, and this is urged as an argument in favour 
of some such formula as Armstrong's for benzene (p. 356). 
Conjugation of double bonds produces intensification of the 
less refrangible bands and a shifting of the bands towards the 
visible spectrum. 

Baly and Stewart (ibid. 1906, 489, 502, 618) have examined 
the absorption curves of various ketones and quiiiones. Their 
results with fairly concentrated solutions show that the ketones 
which show the most persistent absorption bands are those 
which are most reactive from a chemical point of view, e,g, 
react most readily with sodium hydrogen sulphite or witl 
hydroxylamine. In these cases also, the bands were attributed 
to actual valency changes (desmotropism) going on in the 
molecules of the substances. With jS-diketones and mono- 
ketones the change is between the keto- and enolic forms. 

According to and (J. C. S. 1909, 807, 1340; 1910, 
900), intramolecular change is not always accompanied by selec- 
tive absorption. The conversion of normal nitrocamphor into 
the pseudo-isomeride, a reaction which can be studied quanti- 
tatively (p. 717), is not accompanied by any characteristic 
absorption bands, but such bands make their appearance when 
an alkali is added, and the addition of an excess of alkali does 
not produce increased absorption. The absorption cannot be 
due to tautomeric change, as in the presence of the alkali the 
nitrocamphor exists as a stable sodium salt. The following 
formulae are suggested (where X = C 3 H 14 ) : 


/CH.NOo yCO ^tt. 

Normal, X<(^ ; pseudo, X<^. 


- yC:NO.ONa 
sodium salt, X<; • 

^CO 


Similarly a-bromomethyl camphor gives distinct absorp- 
tion bands, although isomeric change is not possible. It is 
thus clear that isomeric change does not always produce selec- 
tive absorption, and that absorption can occur without any 
isomeric change. • 

Hantzsch (B. 1910, 43 , 1549; 1911, 44 , 1771), as the result 
of spectroscopic investigations of ethyl acetoacetate and its 
derivatives, draws the conclusion that the specific absorption 
observed in solutions cannot be due to the enolic modification, 
nor yet to an oscillation between the ke tonic and enolic states,^ 
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but to an isomeric aci-form in which the latent valencies of 
the oxygen atoms and of the metal (or hydrogen) of the 
ONa group are operative, e.g . : 



H.C-C(OEt):0 


The fact that an increase in the amount of alkali produces an 
Increase in the selective absorption is attributed to the fact 
that an excess of alkali prevents the hydrolysis of the sodium 
salt to the enol and sodium hydroxide. 

The view that there is no close relationship between chemi- 
cal reactivity and intensity of the ultra-violet absorption 
spectrum '’is shared by Stewart (J. C. S. 1913, 103, 406) and 
Dawson (ibid. 1308). 

The absorption bands of various vapours, e,g, benzene, py- 
ridine, furane, and thiophene derivatives, have been studied by 
Hartley (Phil. Trans. 1908, A. 208, 475) and Purvis (J. C. S. 
1910, 692, 1035, 1546, 1648; 1911, 2318; 1913, 1088, 1636), 
who show that in the form of vapour these compounds give 
absorption spectra which are much more complex than those of 
their solutions. 

Nitro Compounds. — The spectroscopic investigations of 
Hantzsch and iVoigt (B. 1912, 46, 85; Zeit. phys. 1912, 79, 
592) on aliphatic-nitro compounds indicate the existence of 
three distinct types of nitro derivatives. (1) True nitro 
compounds R-CHg-NOg, which exhibit a very feeble selective 
absorption. (2) Aci-nitro compounds R *011: NO 'OH (p. 387), 
with feeble general absorption and are only met with in the 
case of simple aliphatic-nitro compounds. (3) Conjugate nitro 
compounds, the .usual form in which the metallic salts, derived 
from nitro compounds with a second negative unsaturated 
group, such as, CO, NOg, exist. As the absorption spectra of 
these compounds is so entirely different from those of the true 
nitro and aci-nitro derivatives it is argued that they must be 
differently constituted, and it is suggested that by means of 
the residual valency of the negative group and of the metallic 
Radical of the NO • ONa group a six-membered ring is formed: 




For chromo-isomerism of salts of nitro compounds cf. Hantzsch 
A. 1911, 384, 135. 

In the case of ^-nitro-phenol the free phenol and its stable, 
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colourless ethers give absorption spectra resembling those of 
the conjugate aci-nitro compounds and are represented by 
formula I. The red metallic salts and the unstable red ethers 
have far stronger absorption, and are represented as quinonoid 
compounds exhibiting residual valencies (II). 


L CeH 


^OMe.. 


II. CeH4<g 


4%NO.ONa* 


According to Hevntt^ and others (J. C. S. 1912, 101, 1770; 
1913, 103, 1626) the reactions of the sodium derivatives of 
0 - and /?-nitro-phenols with ethyl chloro-acetate or sodium 
methoxide favour the quinonoid rather than the benzenoid 
structure of the salts of these nitro-phenols, as they react with 
the reagents mentioned at high temperatures only, whereas 
the sodium derivatives of phenol, cresols, halogenated phenols, 
and even Tw-nitro-phenol react smoothly and readily at 100°. 
It is also pointed out that only compounds capable of giving 
rise to quinonoid isomerides give coloured salts with the 
characteristic ultra-violet absorption. 

In the more complicated case of a nitro-amino-phenol it is 
highly probable that three distinct types exist as indicated 
by a study of the absorption spectra in acid, neutral, and 
alkaline solutions; e.g, picramic acid ( 1 -amino-4 ;6-dinitro- 
phenol), Meldola and Hewitt (ibid. 103, 876). 


OH 


O 


N02/\NH2(HC1) NOg/XNHg NO^/XNHs 

Acid 1 1 , alkaline j 1 , neutral | 1 1 

\/ \/ \/l 

NOo 0:N.ONa OiN-O 


For sodium derivatives * of nitro - triphenyl - methanes cf. 
Hantzsch and Hein, B. 1919, B62, 493. 

Ethyl Acetoacetate and Keto-Enolio Tautomerism. — The 
terms desmotropism, tautomerism, and dynamic isomerism 
have been used by many chemists as more or less synonomous; 
K, H, Meyer (A. 1913, 398, 49) makes the following sugges- 
tions. (1) Tautomerism is to be the general name and is to 
include all compounds which give rise to two series of con^ 
pounds derivable from two isomeric formulae, provided these 
two formulae differ simply in the position of a hydrogen atom 
and of one or more double bonds. This definition would 
include all cases of the keto-enolic type and of true and aci- 
nitro compounds. (2) Tautomerism includes (a) desmotrop- 
ism when both forms of the parent hydrogen compound are 
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known to exist, e.g. ethyl acetoacetate : the two forms are known 
as desmotropes. {b) Pseudo-isomerism, when only one hydrogen 
compound is known and the constitution of this can be fixed, 
aldehydes, hydroxy-methylene derivatives, acid amides. As 
a rule the two forms of alkyl and acyl derivatives can be isolated, 
(c) Cryptomerism, when only one form of the hydrogen com- 
pound is known and the constitution of this cannot be decided, 
e.g, sulphurous acid, hydrogen cyanide, benzophenone oxime. 
Compare also Lowry and Steel (J. C. S. 1915, 107, 1382). 

The conclusion that ethyl acetoacetate is an equilibrium 
mixture of the ketonic and enolic modifications — a conclusion 
based mainly on the study of physical properties (cf. p. 698) 
— has been confirmed quite recently by other methods. 

1 Knorr (B. 1911, 44, 1138) has shown that, by cooling to 

— 78° a solution of the ordinary ester in alcohol and ether 
in an apparatus specially designed to exclude moisture and to 
maintain a high vacuum, the ketonic form separates as well- 
defined needles or prisms, m.-pt. —39° and b.-pt. 39°-40°/2 mm. 
It does not give a coloration with ferric chloride, and does not 
react with bromine solution. Even at the ordinary tempera- 
ture it takes several weeks before the equilibrium mixture is 
again formed. The practically pure enol is obtained by sus- 
pending the sodium derivative in light petroleum cooled to 

— 78° in a special apparatus, and passing in hydrogen chloride 
just insufficient for complete decomposition. The solution 
when filtered and evaporated at —78° yields the enolic ester 
as a colourless oil, which gives an intense coloration with ferric 
chloride. At the ordinary temperature it requires ten to four- 
teen days to again form the equilibrium mixture, but at 100° 
the change is completed in one minute. By comparing the 
refractive index of the ordinary ester with the values for 
mixtures of known concentration, it has been calculated that 
the equilibrium mixture contains 7 per cent of the enol 
(cf. Meyer and Willson, B. 1914, 47, 837). 

2. By means of experiments made with compounds which 
exist in stable keto and enolic •forms, K, H. Meyer (A. 380, 
gl2; B. 44, 2718) shows that the unsaturated hydroxy lie 
modification reacts instantaneously with an alcoholic solution 
of bromine, yielding an unstable dibromide, which immediately 
gives off hydrogen bromide and forms the bromo-ketone. 
The best method for estimating the amount of enol is to add 
an excess of the alcoholic bromine solution, to remove the 
excess by means of j8-naphthol, and then to determine the 
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amount of bromo-ketone by adding potassium iodide solution, 
and titrating the liberated iodine by means of standard thio- 
sulphate : 

— CX).CHBr — CI(OH).CHBr— 

— CI(OH).CHI — C(OH):CH + I2. 

In this way it has been shown that the ordinary ethyl aceto- 
acetate contains about 7 per cent of the enol, and the same 
results are obtained when freshly prepared solutions in various 
solvents are examined; but such solutions, when kept, undergo 
change, e,g. a hexane solution when kept for forty-eight hours 
at IS'" contains nearly equal amounts of keto and enolic modi- 
fications. A rise in temperature also tends to favour the 
formation of the ketonic form. In a similar manner acetyl- 
acetone has been shown to contain 80 per cent of enol. 

Further investigations (B. 1912, 46, 2843) have shown that 
the solid crystalline forms are not equilibrium mixtures, but 
consist of the one modification only and that the mixture is 
formed on solution. In alcoholic solution acetaldehyde, ace- 
tone, pyruvic acid, and acetophenone exist almost entirely in 
the ketonic form, even when sodium alcoholate is present. 
In compounds containing methylene attached to two COX 
groups where X = H, Me, Ph, OH, OMe, OEt, NHPh, 
COoMe, and COgEt, the following is the relative order of the 
enolising effect of the radical X: OMe, OEt, OH, NHPh, Me, 
Ph, CO^t, COgMe. Ethyl malonate exists almost entirely in 
the keto form and the sodium derivative has the enolic struc- 
ture, C 02 Et*CH:C( 0 Na)* 0 Et, but when acidified the enolic 
modification changes rapidly to the keto form. 

The solvent has a marked effect upon the equilibrium, thus 
the percentage of enolic form in solutions of methyl benzoyl- 
acetate, CgH 5 *C 0 -CH 2 -C 02 Me, is as follows: water, 0’8, 
methyl alcohol, 13 4, chloroform, 16 ’4, hexane, 69, and the 
same solvent has much the same effect on different tautomeric 
substances. The reaction with bromine appears to be unaffected 
by light, and in this respect differs from ordinary bromine sub- 
stitutions and from the addition of bromine to unsaturated 
acids (p. 760). * 

Meyer^s bromine method may also be used for ascertaining 
the amount of aci-form present in a nitro compound. In the 
case of phenyldinitro-methane, as the aci compound is more 
soluble in water or alcohol than the true nitro compound, 
these solvents tend to bring about the change: aci — ^ true 
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nitro (B. 1914, 47, 2374; A. 1913, 396, 133, 398, 49). The 
bromine method indicates that the varying crystalline forms of 
methyl (or ethyl) formylphenylacetate all have enolic struc- 
tures, 0H.CH:CPh.C02Me(Et)(»". Wislicenus, A. 1916, 413, 
216; Dieckmann^ B. 1917, 60, 1375). 

3. Knorr and Schubert (B. 1911, 44, 2772) use a colori- 
metric method for estimating enols in all allelotropic mixtures, 
a method which is based on the reaction between the enol 
and ferric chloride, 

KH + FeCla = FeRClg + HCl, 

where R is the enolic residue. The comparison is made with 
standard solutions prepared by mixing solutions of the pure 
enol with one of sublimed ferric chloride in molecular pro- 
portions. 

4. Ozone {Scheiber and Herold, A. 1914, 406, 296). This 
reagent has no enolising action on the keto-enolic equilibrium 
mixture and immediately transforms the enol into an ozonide 
(p. 671), but does not attack the keto form. By examining 
and estimating the products formed by the action of water on 
the ozonide me structure of the enolic form and a rough 
estimate of the amount present can be ascertained. In most 
cases the results confirm those arrived at by other methods. 
In the case of benzoylacetone where isomeric enolic forms are 
possible, the results show that in chloroform solution it exists 
mainly as CgHg • C(OH) : CH • CO • CHg, as the products formed 
from the ozonide are benzoic acid and methyl -glyoxal 
CHO • CO • CHg. The results with oxalacetone, CHg • CO • CHg • 
CO-COgEt, indicate the presence of two mono-enolic and one 
di-enolic form viz., CH 3 .CO.CH:C(OH), CO.Et, CH 3 .C(OH): 
CH.CO.COoEt and CH 3 .C(OH):C:C(OH).COoEt (cf. also 
B. 1914, 47, 2704). 

In all cases where the composition of the equilibrium 
mixture is determined by the action of chemical reagents and 
not from a study of physical constants, the possibility of the 
enolising action of the reagent,, employed must be borne in 
mind. It is claimed that substances such as bromine and 
Ozone have no enolising effects, and hence the conclusions 
derived from the reactions should agree with those based on 
physical constants. On the other hand, it is well known that 
alkalies have a considerable enolising effect,* and the sodium 

*The enolising effect of traces of alkali is well shown in the case of di- 
benzoylacetylmethane. The m.*pt. of the compound when determined in 
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derivatives of esters which can react as tautomerides are 
usually represented as derived from the enolic forms. En- 
olisation of simple aldehydes and ketones can also take 
place in the presence of certain reagents. Thus the sodium 
derivatives of ketones or aldehydes (p. 142) are represented 
as enolic compounds {Freer). According to Lapworth ( J. C. S., 
1904, 86, 30), the bromination of a ketone is preceded by the 
enolisation of the ketone, the enol then forms an additive 
compound with bromine, and hydrogen bromide is finally 
eliminated. 


CH.^.C0-CH3 CH3.C(0H):CH2 

— CH3-qOH)Br.CH2Br — CH3.CX).gH2Br. 

Dawson (ibid. 1909, 95 , 1860; 1912, 101 , 1503; 1914, 105 , 
387, 532) claims that similar reactions take place during the 
bromination of aldehydes and the presence of mineral acids 
accelerates the bromination by increasing the rate of eriolisa- 
tion. 

Aschan (B. 1912, 45 , 1913; cf. Smith and Lewcock, ibid. 
2358) concludes that the same generalizations hold good for 
the bromination of acids by the Hell^Volhard^Zelinsky method 
(p. 175), as the result of brominating an acid chloride is a 
mixture of the acid chloride and acid bromide of the 
a-bromo-acid, 

— E-CH ; — E-CHBr-C^Cl 

Br 

— K-CHBr-COCl + E-CHBr-COBr. 

The argument, however, iS not conclusive, as similar results 
might be produced by direct substitution.* The conversion 
of acetyl chloride into acetyl bromide by means of hydrogen 
bromide and the converse change are also probably due to the 
intermediate formation of an additive compound between the 
enolic form and the halogen hydride. 

Meyer (ibid. 2864) has been able to show that the reaction 
between bromine and malonic acid is uni- and not bi-molecular, 
as it should be if the reaction is one of direct substitutic^h. 
The fact that the reaction is uni-molecular, and independent 
of the concentration of the bromine, is in complete harmony 

Jena glass tubes is 149-160®, but in soft glass tubes falls to 107-110®, 
owing to traces of alkali in the soft glass producing partial enolisatioi^ 
{DUScnumn^ B. 1916, 49, 2203.) 
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with the view that the reaction actually measured is the 
enolisation COgH • CHg • COOH — CO.^H . CH : qOH).,, and that 
the subsequentreactions are extremely rapid compared with this. 

Favorski (Abs. 1913, i, 12) shows that PCl^ and PBr^ pro- 
duce enolisation in the case of certain ketones. The normal 
reaction with PClg consists in replacing 0 by Clg, R-CO-P' 
— ►R'CClg-R'. In the case of di-isopropyl ketone, however, 
the chief product is isopropyl-a-chloroisopropyl ketone, 
CHMe 2 *CO*CClMe 2 , probably formed by the following series 
of reactions: 

CHMeo-CO-CIIMe. — CHMe 2 -C(OIl):CMe 2 

j— CHMe2-C(OH)Cl.CClMe2 — CHMea-CO-CClMe.,. 

It is possible that the bromination and chlorination of all 
aldehydes, ketones and acids, is not preceded by enolisation: 
Letich's observation (B. 1913, 46, 2435) that in the bromination 
of (?-^-carboxybenzyl-a-hydrindone, 

CgH,<g®j>CH.CH,.CeH*.CO,H, 


although the monobromo derivative, obtained by replacing 
the H atom of the CH group by bromine, is mainly the racemic 
compound, yet possesses a rotation denoting the presence of 
10 per cent of the rf-bromo derivate, may indicate that the 
whole of the bromine compound has not been formed through 
the intermediary of the enolic compound, as the foi mation of 
this compound would destroy the asymmetry of the molecule, 
and hence the optical activity. Lapworlh (P. 1913, 29, 289) 
concludes that the bromination may have been entirely by 
means of the englic compound, ancl that the small amount of 
rf-bromo-acid is due to an asymmetric synthesis from the enol 
in the presence of the unchanged optically active keto form. 

It has been suggested that in certain cases of keto enolic 
tautomerism the hydrogen required to produce the hydroxy 
group does not come from CH or CH„ between two CO 
groups. Thus Briihl represented ethyl aiacetyl-malonate by 
^he enolic formula I, in which the hydrogen 




is derived from a terminal CHg group. This has been shown 
by Auwers and Auffenberg (B. 1917, 60, 929) to be incorrect. 
The monoacetyl derivative has the normal enolic structure 
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CH3«C(0H):C(C02Et)o, and when further acetvlated gives the 
0 -acetyl derivative CH3*C(OAc):C(COoEt)2, which is identical 
with BriihVs compound. The proof of the structure of the 
compounds is largely based on the fact that two different 
products are formed (a) by first introducing acetyl and then 
propionyl, (b) by first introducing propyl and then acetyl, 
whereas, according to BruhVs scheme the two products should 
be identical, viz. II. 

G. Anomalous Electrio Absorption. — P. Drude (B. 1897, 30, 
941) has found that numerous organic compounds containing 
hydroxyl groups are capable of absorbing electric waves of 
high frequency (about 400 million per second), although they 
are not good conductors; whereas ordinary nonconductors 
show no such absorption. The phenomenon is termed by 
Drude '^anomalous electric absorption” and, with the ex- 
ception of water, all liquid hydroxyl derivatives display this 
anomalous absorption. The presence of hydroxyl groups 
cannot always be inferred from the exhibition of anomalous 
absorption, as a few compounds which contain no hydroxyl 
groups possess the property to a slight extent. 

Drude himself applied the method to the examination of 
certain keto-enolic tautomeric substances. Ethyl acetoacetate 
itself absorbs but slightly, and is thus presumably mainly the 
keto-form. 

Ethyl benzoylacetate and ethyl oxalacetate absorb strongly, 
and should thus contain considerable percentages of the 
enols. 

H. Optical Activity. — Attention has already been drawn to 
the fact that compounds, the molecules of which are asym- 
metric (cf. p. 676) are, when in the liquid or dissolved state, 
optically active, i.e, able to rotate the plane bf polarization (p. 
160) either to the right (dextro-rotatory) or to the left (Isevo- 
rotatory). The specific rotatory power [a] of a liquid is 
obtained by dividing the observed rotation by the length of 
the column of liquid used and by the specific gravity of the 

liquid [a] = ^ and theP molecular rotation is the product 

of the specific rotatory power into the molecular weight (M )5 

For a solution : 

fal = = lOQg _ 100a X u 

^ ^ IXc IXpXd IXg ^ 

where c = concentration or number of grams of the actw 



716 XLVII. PHYSICAL PROPERTIES AND CONSTITUTION 


compound in 100 c.c. of solution, d = specific gravity of the 
solution, p = per cent of active substance in the solution, and 
g = number of grams of active substance in v c.c. of solution. 
The specific rotatory power of a solution may often be in- 
creased enormously by the introduction of an inorganic salt; 
some of the most effective are boric acid and alkali molybdates 
and tungstates. As a rule, the nature of the monochromatic 
light, e.g, sodium light, is indicated, also the temperature and 
the nature of the solvent, e,g, [a]}?’, where D indicates that the 
number refers to sodium light and that the determination was 
feade at 15°. Various attempts have been made to deduce 
general conclusions bearing upon the amount of rotation and 
the constitution of the compound. Guye (C. R 110, 714) has 
attempted to connect the degree of asymmetry of the molecule 
of a compound C a, b, c, d with the masses of the four radicals 
present and the distance of the centre of gravity of the mole- 
cules from the centre of the tetrahedron (C. R. 1896, 1309; 
1898, 181, 307). The researches of P. F. Frankland and others 
(J. C. S. 1899, 337, 347, 493, &c.) have shown that Guye^s 
conclusions are not of general application. 

Patterson (for summary see Trans. F. Soc. 1914, 10, 111, 
also J. C. S. 1914, 106, 2322; 1916, 109, 1139, 1176, 1204) 
has made a careful investigation of the influence of solvent, 
temperature, &c., on the rotary powers of various substances. 
He finds that dilute solutions of ethyl tartrate in water, or in 
methyl, ethyl, or propyl alcohol, possess a higher specific 
rotation than the pure ester itself, that the specific rotation 
increases with dilution until a concentration of 10 grams in 100 
grams of solvent is reached, and then the rotation remains 
practically constant The highest values are always obtained 
with aqueous solutions, and the other solutions follow in the 
order — methyl, ethyl, n-propyl, isobutyl, and sec-octyl alcohol. 

The effect of increase of temperature upon corresponding 
solutions varies somewhat. In water the coefficient is nega- 
tive for dilute solutions, but in the various alcoholic solutions 
it is positive, as it is also for the pure ester. 

According to Patterson the change in specific rotation with 
s6lvent or temperature is not to be attributed to association, 
but rather to the internal pressure of the solvents. (For a 
summary of work on optical activity see JValdeUy B. 1905, 38, 
345-409, Frankland^ J. C. S. 1912, 101, 658, and for effect 
of solvent, Pattei'son^ ibid. 1916, 109, 1139). 

The different effects which two isomerides have on the 
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rotation of ethyl tartrate, the syn- and anti-forms of an 
oxime, the true and aci- forms of a)-nitrotoluene, and the keto 
and enolic forms of phenyl-formyl-acetic ester can be used for 
determining the velocity at which the one isomer becomes 
transformed into the other. {Patterson and others, J. C. S., 
1907, 504; 1908, 1048; 1912, 27, 2100.) 

Pickard and Kenyon have determined the rotations of the 
different members of the series of carbinols, R*CH (OH)Me, 
R • CH(OH)Et, and R • CH(OH) • CHMog, and the esters, 
R.CO.OCHR'CHg (J. C. S. 1911, 45; 1912, 620, 1428; 
1913, 1923; 1914, 830, 1115, 2226, 2262), and draw the 
conclusion that even in these cases there is no simple 
numerical relationship between the various values for the 
members of any homologous series. 

In the case of amides of the gluconic acid series, Hudson 
(J. A. C. S. 1918, 40, 813) finds that the spatial arrangements 
of the a-carbon atom are the deciding factor in determining 
the nature of the rotation. In all cases compounds in which 
the group can be represented as in I are dextro-rotatory, and 
as in II laevo-rotatory. 

(I) H (II) OH 

OH.CH,.[OH.OH]n- 6 -CO-NH, OH.CH8.[CH.OH]».C.CO-NH2. 

OH H 

Numerous experiments have also been made on rotatory 
dispersion, and it has been found that Biofs generalization 
that the rotation varies inversely with the wave length is by 
no means true, and cases of anomalous dispersion are common 
{Patterson^ J. C. S. 1916, 109 , 1139, 1176; Tschugaeff, Trans. 
F. Soc. 1914, 10 , 28; Lowry and Austin^ Bhkerian Lecture, 
T. R. S. 1921). 

The polarimetric method has been used by Lowry (J. C. S. 
1899, 76, 211) for a quantitative study of the tautomerism or 
dynamic isomerism of the nitro- and bromo-nitro-camphors. 

Each of these compounds |ippears to exist in two distinct 

forms, one of which contains the nitro-group, ^CH*N^q, and 
the other the isonitro-group, ^C:NO*OH. Ordinary crystal- 
line nitro-camphor, melting at 102°, is regarded as consisting 
of the normal form, its homogeneity being vouched for by the 
constancy of its initial specific rotatory power ([a]u = — 124^^ 
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in 5-per-cent benzene solution), and by its well-defined crystal- 
line form. When dissolved the nitro-compound at once begins 
to change into the pseudo form, and this change is accompanied 
by an alteration in the rotatory power; with the 5-per-cent 
benzene solution the specific rotatory power has fallen to 
— 104® at the end of four days, and then remains stationary. 
This solution represents a mixture of the normal and pseudo- 
compounds in dynamic equilibrium, and assuming that the 
pseudo-compound, which so far has not been obtained in a pure 
form, has a specific rotatory power -f 180® in benzene solution, 
then the solution with a rotation of —104®, contains some 
93 per cent of the normal and 7 per cent of the pseudo 
form. *• 

The velocity of the transformation, normal — pseudo, is 
increased by rise of temperature, by increase in concentration, 
and by the addition of traces of alkalis. 

The polarimetric method has also been used for measuring 
the velocity change of ^-menthyl d-phenyl-acetoacetate, CHg* 
CO'CHPh'COn'CioHin, into the enolic form CHg *0(011): 
CPh.COg.CioHig (A. 1913, 398, 372). 

Mutarotauon. — The change in rotation of an optically 
active solution is usually known as mutarotation (p. 321), and 
is a property exhibited by various optically active compounds, 
especially sugars, e,g. glucose, galactose, xylose, milk-sugar, 
and maltose, and certain hydroxy-acids and their lactones, e,g, 
anhydrous lactic acid. In all these cases the rotation changes 
when the solution is kept; with glucose, for example, the 
value decreases to half, with milk-sugar the values are as 
1’6:1, with galactose 1*46:1, and with xylose 4*67:1. The 
rotatory powers, of maltose and lactic acid solutions increase 
when kept. 

All acids and alkalis appear to facilitate the conversion, and 
in the order of their degree of ionization. Common salt, alco- 
hol, and various organic compounds, on the other hand, tend 
to retard the transformation. 

Various theories have been brought forward in order to 
account for the phenomenon. The first of these assumed the 
presence of complex molecules, e,g, (CgHigOg),, in the freshly- 
prepared solution, and the CTadual decomposition of these into 
the simpler molecules, O^HigOg, thus producing a lowering of 
the rotatory power. The assumption of the presence of com- 
plex molecules was rendered untenable as soon as it was shown 
that the molecular weight, as determined by the cryoscopic 
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method, is the same in the freshly-prepared and the old 
solution. The second explanation was that, after solution, 
water is either withdrawn from or added on to the original 
molecular aggregates. The latest theory is that the different 
rotations are due to different isomeric substances present in 
the two solutions, and that a gradual change in rotation 
accompanies the conversion of the one isomeride into the 
other. 

Tanret (1895) claimed to have isolated three distinct modi- 
fications of eZ-glucose, which had the respective specific rotatory 
powers a = + 105°, ^ = + 52 5, and y = + 22*5. More 
recent work {E, F, Armstrong, J. C. S. 1903, 1305; 1904, 1043) 
indicates that in the case of ^^-glucose only two distinct iso- 
merides actually exist in solution, viz. the a and y, and that 
the so-called j8-modification is merely a mixture of the a and 
y in chemical equilibrium. The a- and y-modifications are 
represented as stereo-isomeric, and correspond in structure 
with the a- and )8-methyl-glucosides (pp. 322, 631), since these 
glucosides, when hydrolysed with enzymes, have rotatory 
powers of the order of those of the a- and y-glucoses, and the 
addition of an alkali to the products of hydrolysis produces 
the same change as with the a- and y-sugars. They are 
therefore now termed a- and j8-glucoses, and may be repre- 
sented by the following configurations, the only difference 
between the two being the spatial arrangements of the 
radicals around the terminal C atom numbered (1): 

OH.CHj.CH(OH).CH.CH(OH^CH(OH).C<gQ(o) 

and 0H-CH2.CH(0H).CH.CH(0H>CH(0H).C<^^ 03) 

(Compare also Behrend and Both, A. 1904, 331, 359, and 
Lowry, J. C. S. 1904, 1551). Both a and ji compounds can 
be isolated in a state of purity by crystallizing d-glucose 
from acetic acid, in thq one case at the ordinary 
temperature and in the other hot (Hudson and Dale, 
J. A. C. S. 1917, 39, 320). The a compound has aj^ + lir^®, 
and the fi +17*5 (ibid. 1919, 41, 559). Lowry concludes 
that in an ordinary solution of glucose, in addition to 
the a- and jS-modifications, small amounts of the aldehyde 
or aldehyde -hydrate are also present. This accounts for 
the aldehydic properties of glucose solutions, and also affords 



720 XLVII. PHYSICAL PROPERTIES AND CONSTITUTION 


an explanation of the conversion of the a- into the )8-glucose: 


H-O-OH CH(0H)2 

CH-OH 

CH-OH CH-OH 

^CH ^ CH-OH 

CH-OH CH-OH 

CHj-OH CHj-OH 

a-Glucoie Aldehyde-hydrate 


OH.C.H 




CH-OH 

CH-OH 

CH 

CH-OH 


+ HgO 


CHj-OH 

^•Gluco8e. 


E, F. Armstrong (J. C. S. 1903, 83, 1305) suggests that the 
mutarotation proceeds through the addition of water to the 

OH 

oxygen atom of the ring, e.g, , and Irvine and Steele 

(ibid. 1915, 107, 1230) arrive at the same conclusion from a 
study of the electrical conductivity of aqueous solutions of tetra- 
methyl-a-glucose. According to Boeseken (B. 1913, 46, 2612; 
Rec. trav. 1915, H 96, 272), a marked exaltation in the 
electrical conductivity of boric acid is produced by the 
addition of a carbon compound containing hydroxyl groups 
attached to adjacent atoms. When tetramethyl-a-glucose, 

OMeCHj - CH(OMe) - CH(CHOMe)2 • CH - OH, 

' O ' 


which contains only one OH group, is dissolved in dilute boric 
acid solution the conductivity of the system gradually rises 
to a maximum which persists when mutarotation is complete. 
This points to the addition of OH (Le, water) to the ring 0 
atom, which is adjacent to the -CH-OH group, and that the 
equilibrium is riot between the simple a and P sugars, but 
between the corresponding oxonium hydrates. By the aid of 
models it can be seen that by the elimination of water from 
the oxonium hydrate, and by the shifting of an atom of H 
from 0 to C, the conversion of the a sugar into the (3 is 
possible. It is probable that the mutarotation of a-glucose 
itself is therefore due to the formation of oxonium hydrates. 
Mutarotation can also occur in non-aqueous solvents, e,g, 
acetone or formamide {Mackenzie and Ghosh^ P. R. S. Edin. 
1914, 35, 22), and it is probable that in these cases also the 
enolised solvent forms oxonium compounds with the ring 0 
atom of the sugar. (For resume, see Lowry, B. A. Rep. 1904, 
193; Irvine and Steele, J. C. S. 1915, 107, 1230.) 
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Asymmetric Synthesis. — It has already been stated that the 
product formed by the synthesis of a compound containing an 
asymmetric carbon atom from symmetrical compounds is al- 
ways a mixture or compound of the d- and Z-mc^ifications in 
equal amounts, and a single active modification can only be ob- 
tained by the resolution of this racemic compound or mixture. 
Numerous attempts have been made tQ carry out an asym- 
metric synthesis, i. 6 . according to Ma/rdcwald (B. 1904, 37, 1368), 
to obtain artificially an optically active compound from a sym- 
metrical substance by the employment of an active product 
but without the use of an analytical process (such, for example, 
as those involved in the usual separation of racemic mixtures). 
A synthesis suggested by E. Fischer was as follows;-*— By the 
cyanhydrin reaction mentioned on p. 304 it is possible to trans 
form an optically active monose containing Cn into a mixture 
of two active sugars containing The amoimts of the two 

active compounds vary considerably in different cases, and with 
tf-mannose only one rf-mannoheptose can be isolated. Similarly 
the cf-mannoheptose yields only one mannooctose, and this 
only one nonose. If it were possible by some method to de- 
compose this (f-manno-nonose so as to regenerate (i-mannose 
then the other product would bo an active glyceric aldehyde: 

Mannononose, CHO.CH(OH).CH(OH)— CH(OH).[CH.OH] 4 -CH,OH 

— ► glyceric aldehyde, CHO«CH(OH)‘CHfOH and 
CHO-[CH.OHj4.CH,.OH. 

Cohen and Whiteley (J. C. S. 1901, 1305), starting with cin 
namic acid, prepared active amyl and menthyl esters, to which 
they added bromine and ttfen attempted to obtain an active 
cinnamic acid dibromide, • CHBr • CHBr • COgH, by the 
hydrolysis of the esters, but without success. The hydrolysis 
of the products obtained by reducing the active amyl and 
menthyl esters of mesaconic, a-methylcinnamic, and pyruvic 
acids gave rise to inactive acids. Similar negative results were 
obtained by Kipping (P. 190Q, 226). A, McKenzie (J. C. S. 
1904, 1250; 1905, 1373; 1906, 365) has succeeded in accom- 
plishing several asymmetric syntheses. Thus when 2-menthyt 
pyruvate, CH 3 • CO • CO • OCiaHjq, is reduced by aluminium 
amal^m, a mixture of unequd amounts of Z-menthyl (f-lactate 
and Z-menthyl Z-lactate is formed When this mixture is hy- 
drolysed by an excess of alcoholic potassic hydroxide and the 
{-menthol removed, a dextro-rotatory potassic salt containing 
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an excess of /-lactate over </-lactate is produced ; this mixture, 
when acidified, becomes Ijevo-rotatory, and the asymmetric 
synthesis of /-lactic acid is thus accomplished. If /-menthyl 
benzoylformate, CgHg-CO-COo-Cj^jHiy, is treated in exactly 
the same manner, the final product is r-mandelic acid, due, 
probably, to the racemizing effect of the alkali. A second 
asymmetric synthesis has been accomplished by McKenzie by 
means of Grigmrd^s reaction. Thus /-menthyl benzoylformate 


iodide yield the additive compound 
Hjy), which is converted by dilute 
phenylraethylglycollate CMePh{OH) 
(COgCiyHiy), from which, on hydrolysis with alcoholic potas- 
sium hydroxide, a IfEVO-rotatory potassium phenylmethylgly- 
collate, CMePh(0H)(C02K), was obtained. Thus 


and magnesium methyl 
CMePh(0.MgI)(C02Ci. 
acids into the /-menthyl 


OeHs.CO.COaH — CeHs-CO-COoCioHia — 06H-j-C(CH3)(OU)(C02CioH,9) 

Inactive Active Active 


-H. CeH5.C(CH3)(0H)(C02H) 
Active 


Similar active acids have been obtained by using other Grigmrd 
regents in conjunction with /-menthyl benzoylformate. 

a further asymmetric synthesis, see Marckwald, B. 1904, 
37, 349. 

Asymmetric synthesis takes place in the presence of enzymes, 
thus by combining aromatic aldehydes with hydrogen cyanide 
in the presence of eraulsin, liosenthaler (Bio. Zeits. 1909, 14, 
238; 17, 257) has prepared optically active cyanhydrins, and 
Bredig and Fiske (ibid. 1912, 46, 7) have obtained similar results 
by effecting the combination in the presence of optically active 
alkaloids, e,g, in presence of quinine /-mandelo-cyanhydrin is 
formed, and in presence of quinidine the isomeric d-compound. 

The Walden Inversion. — In a chemical reaction in which 
one radical is displaced by another, it is usually assumed that 
the group introduced takes the place of the radical removed, 
unless reasons to the contrary can be adduced. When an 
optically active compound is used we should expect the pro- 
duct formed to correspond in configuration with the original 
substance. Thpt this is not always true follows from the fact 
^hat during certain reactions racemization occurs, and the pro- 
duct obtained is optically inactive (cf. p. 266). Even more 
remarkable than this is the phenomenon known as Walden’s 
inversion. An example of this is met with in the conversion 
of /-chloro-succinic acid into the d-isomeride by the following 
series of reactions: 



THE WALDEN INVERSION 


723 


/-Chloro-acid — ► 2-malic acid — ► c£-chloro-acid. 

Moist AgaO PCI5 

It is not possible to say which of the two reactions is normal 
and which abnormal, as although the malic acid mav be laevo- 
rotatory, its configuration may correspond with that of the 
d-chloro-acid and not with that of the Z-acid. 

Walden (B. 32 , 1833) carried out a remarkable series of 
experiments on the reaction between i-chloro- and i-bromo- 
succinic acids and various alkalis. He found that the hydrox- 
ides of potassium, rubidium, and ammonium gave practically 
pure c^-malic acid, moist silver oxide gave the pure Z-malic 
acid ; and the hydroxides of sodium, barium, lead, and lithium 
gave mixtures in which the fl?-acid preponderated, • whereas 
oxides of mercury and palladium gave mixtures in which the 
Z-acid was in excess. The conclusion was drawn that the 
reaction with potassium hydroxide is normal, and that inver- 
sion occurs when silver oxide is used. 

Interesting cases are those in which a complete cycle is 
involved, e.g . : 


1. Z-Chloro-succinic acid 
I PCI5 
cZ-malic acid 


Moist Ag20 
Moist Ag20 


Z-malic acid 
\ PCI, 

d-chloro-succinic acid. 


2. (Z-Alanine 
I NH3 

cZ-bromo-propionic acid 


NOBr 

NOBr 


Z-bromo-propionic acid 
i nh, 

Z-alanine. 


3. cZ-(:6H6.CH(OH).CJOJT^ — Z-C6H6.CH(NH2)-C02H 

Ag2C03 I I PCI 5 ;‘>.^HNOa |NH,Ag| NOCl 

i-CgHj . OHCl • COjH ~ .d-CgHj f CHCl • COjH 

J NHjAg I PCI, 

d-CeH6.CH(NHij).c02H -^■'■**i-CeH6.CH(OH).COjH. 


Practically all the inversions mentioned above occur when 
the asymmetric carbon atom lias a carboxyl group attached 
to it. Experiments made by E, Fischer and Scheibler, witl^ 
compounds in which the asymmetric atom is in the jS-position 
with respect to the carboxylic group, prove that inversion 
does not take place; 

PCI5 

Z-CH3-CH(0H)-CH2-C02lI rf-CH3-CH(0H).CH2C02H, 

AgaO 
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and similar results are obtained when the methyl esters are 
used. The same holds good in the case of ^-hydroxy-)S-phenyl- 
propionic acid {McKenzie and Humphreys), There are, how- 
ever, several exceptions, e,g , ; 

1. Fischer: 

fl?-/3-Amino-butvric acid — ^^S-hydroxy-butyric acid 
j 1,001 hno, 

^^-chloro-butyric acid — ► o^-jS-hydroxy-butyric acid. 

Water 

2. McKenzie and Barrow : 

fl?-/3-Hydroxy-j8-phenyl-propionic acid 

r — o?-/9-chloro»j9-phenyl-propionic acid 

SOCI 2 I Water 

^^-hydroxy-j8-phenyl-propionic acid. 

Frequently phosphorus pentachloride and thionyl chloride 
react differently, e.g,\ 

PCI5 

^Mandelic acid or ester — ► c?-chloro acid or ester 
/-mandelic acid or ester — ► Z-chloro acid or ester. 

SOCI2 

In connection with this the following cycles are of interest. 

^-Mandelic acid — ► ci?-chloro acid 

I NaOH PUL I NaOH 

^-chloro acid (i-inandelic acid. 

PCI5 

/-Mandelic acid — ► Z-chloro acid 

I AgsOOj 4- water SOClj | AgaCOa + water 

<i-chloro acid rf-mandelic acid, 

SOCI2 

and generally the reaction with SOClg followed by AggCOg 
produces inversion, but whether this occurs in the first or 
second stage it is difficult to say. Impurities in thionyl 
chloride can bring about intramolecular change (M. 1913, 34, 
561; Bull. Soc. 1913, 13 , 229).* 

Inversion also t«kes place in compounds containing no 
COOH or COOR group. 

(For details see WaUen, B. 28 , 2772; 29 , 133; 30 , 3146. 
E, Fischer and students, B. 41 , 889, 2891 ; 42 , 1219, 43 , 
2020; A. 381 , 123; 383 , 337; 386 , 374. Werner, A. 386 , 66. 
McKenzie and others, J. C. S. 1908, 811; 1909, 777; 1910, 
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121, 473, 1016, 1365, 2564; 1911, 1910, 1912, 390; 1913, 
687; 1914, 1583; 1915, 702, 1685.) 

Senter a.nd others (J. C. S. 1915, 107, 638; 1916, 109, 1091; 
1918, 113, 140, 151) have studied the eflPects of various 
solvents on the inversion in the case of ammonium phenyl- 
chloroacetate, CgHg-CHCl-COONH^, when Cl is replaced by 
NHg. They find that there is change of sign with 6 solvents, 
and no change with 6 others. The latter include water and 
benzonitrile, and the former liquid ammonia and acetonitrile. 
In the case of the replacement of Br by NHg in a-bromo- 
phenylpropionic acid there is always change of sign of rotation 
whichever solvent is used, and at the same time appreciable 
racemization. , 

Numerous attempts have been made to ascertain in which 
particular reactions inversion occurs, e.g. whether by NaOH 
or Ag2C03 or moist oxide in the replacement of halogen by 
OH, and whether by SOCI2 or PCI5 in replacement of OH by 
CL Walden argued that the reaction with strong alkalis which 
are largely ionized would probably be one of direct displace- 
ment, and hence not a case of inversion; the reaction with 
silver oxide would therefore be a case of inversion, and could 
be accounted for by the formation of an additive compound 
with the metallic hydroxide and subsequent removal of metallic 
chloride. Fischer by comparing the reactions : 

rf-alanine — ► Z-a-bromopropionic acid 

NOBr 

and fl?-alanine ester — ► o?-a-bromopropionic acid, 

argued that inversion is less liable to occur with an ester than 
with an acid, and therefore* the first reaction represents an 
inversion. Subsequent experiments by M^KerSsie have shown, 
however, that inversion can occur in the case of esters, as 
ethyl a-phenyl-lactate yields chloro esters of different signs 
when treated with PCI5 or SOClg. In 1913 Frankla7id{3. C. S. 
1913, 103, 738) stated that “ there does not exist at the present 
time any criterion whereby tjjie relations between the con- 
figuration of an optically active compound and that of a 
derivative can be decisively ascertained”. Clough (ibid. 1918^1 
113, 526) has subsequently discussed the whole question, and 
has been able to settle, with a fair amount of certainty, whether 
inversion does or does not occur in certain particular cases. 

1. Starting with Freudenherg's(^onA\moxi (B. 1914, 47 , 2037) 
that the four hydroxy acids, Mactic, Z-glyceric, d-malic, and 
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6?-tartaric all possess the same relative configurations, that is 
to say, the H, OH, and COgH radicals attached to the 
asymmetric carbon atoms have a similar spatial disposition 
in the molecules of these compounds,* he shows that all 
four acids show well-defined regularities when their rotatory 
powers or those of their derivatives are compared. Thus in 
all cases the effect of rise in temperature is to increase dextro- 
rotation or diminish Isevo-rotation, the effects of dilution are 
similar, and the presence of inorganic salts produces similar 
effects, thus sodium bromide tends to diminish positive ro- 
tation, and even to change the sign, but to increase negative 
rotation. With Z-malic acid, which has the enantiomorphous 
configuration, the effect of sodium bromide is to change a 
negative to a strongly positive rotation. He then argues 
that any other a-hydroxy acid which behaves similarly to 
the above-mentioned four acids, when the effects of tem- 
perature, dilution, solvent, and mineral salts are studied, must 
necessarily have a similar configuration, and any a-hydroxy 
acid which behaves in the opposite manner must have the 
enantiomorphous arrangement. Based on this argument, it is 
shown that Mactic, /-glyceric, e/-malic, c/-tartaric, fl?-a-hydroxy- 
butyric, /-a-hydroxyisovaleric, rf-a-hydroxyisohexoic, fl?-a-hy- 
droxy-)8-phenylpropionic, and d-a-hydroxyglutaric acid and 
their derivatives all possess the same relative configurations, 
and for the sake of convenience the prefix is used to 
denote this configuration, t 

2. Similar methods have been used in the case of a-amino 
acids, and the conclusion is drawn that the following naturally 
occurring acids all possess the same relative configurations : — 
c/-alanine, /-senne, /-aspartic acid, (/-valine, /-leucine, rf-isoleu- 
cine, d-a-aminohutyric acid, rf-glutamic acid, /-phenylalanine, 
and /-tyrosine. The configuration is denoted by “/”. The 
conclusion that /-serine and (/-alanine have similar configura- 
tions has been proved by Fischer and Raske (B. 1907, 40, 
3717) by transformations which do not involve the dis- 

* Freudenberg’s conclusion is based on the fact that these compounds 
r*4in be transformed i^to one another by reactions which do not involve 
displacement of groups directly attached to the asymmetric carbon atom ; 
and as so far no example is known in which such a change produces 
inversion, it is justifiable to assume that in these reactions no change in 
configuration occurs. 

f Thus /-lactic acid is denoted as “</ ” lactic acid since its configuration 
is similar to that of d-malic acid and of other acids belonging to the ** d 
series. 
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placement of groups directly attached to the asymmetric 
carbon atom. 

3. In a similar manner it is concluded that all the dextro- 
rotatory a-halogenated acids are configuratively similar com- 
pounds. 

4. By a careful examination of the rotatory powers of the 
optically active a-chloroacylamino acids, R«CH(C 02 H)«NH 

• CO'CHCIR', and a-aminoacylamino acids, R‘CH(C02H) 

• NH'CO'CHR'-NHg, the conclusion is drawn that the 

• COCHR-NH 2 and •CO-CHRCl group have very similar 
effects, and hence the acids from which these groups are 
derived have similar configurations ; in other words, the 
a-amino acids of the “Z” series mentioned in section 2 have 
configurations similar to the fi?-halogen acids of section 3. If 
this is so, then in the great majority of cases the conversion of 
an amino acid into a halogenated acid by means of nitrosyl 
chloride or bromide is usually accompanied by inversion, as 
d-alaninc gives Z-bromopropionic acid, and Z-leucine gives 
Z-a-bromoisohexoic acid. 

The following scheme represents the usual relationships 
between a-amino fatty acids and their esters and the a-halo- 
genated fatty acids, where the straight arrows indicate direct 
exchange and the — ^ an inversion. 

(Z-a^halqgen'acid “7^ cZ<:avhalogen ester 

1 aOBrt I NH* 

^Z'^ a-amino acid ‘*/’*-a-aniino ester, 

f NOBr , 


Z-a-halogen acid 7^ Z-a- halogen eater 

I NH, NOBr I f 

“ d ’’-tt-amino acid *i-a-amij^o 


The exceptions are “Z” valine and “Z” isoleucine, and in these 
cases the action of ammonia on Ihe free bromo acids is abnormal. 


Since the effect of inorganic salts on the rotatory powers of 
“Z”-alanine, Z-aspartic acid, Z-glutamic acid, Z-lactic acid, and 
Z-malic acid is similar in each case, it is argued that these 
compounds are configuratively similar. Hence the action of 
nitrous acid on active aliphatic a-amino acids is normal or con- 
sists in direct replacement. 
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It follows from the above that the ei-halogen acids are 
constituted similarly to the “ I ” hydroxy acids. Hence : 


‘Z -amino 
ester 


“/"-hydroxy 

ester 

PCI5 I SOClj 


“T' amino /-halogen “(/ “-amino 


acid 

jHNOs 


acid 


“/’’•hydroxy d-halogen 


acid 


SOClj 


acid 


acid 
jHNOo 

“£/’’-hydroxj 
acid 


(/-halogen 
ester 

and in the niandelic acid series: 


jl^o 


c/-pH0ttylchIoracetlc acid 


1 


NHj 

Uq. 




NOCl 


/-mandelic 

acid 


(/•phenylamino- 
acetic acid 


NOCl 


H!!,"' tS' 

/-phenylchloracetlc acid. 




/-phenylamino- 
acetic acid 


- d-mandelic 
acid 






For theories of Walden inversion cf. Fischer, A. 1911, 381, 
123; 1912, 386, 374; Wei'ner, 1911, 44, 873; Biihnann, A. 
1912, 388, 330; Gadamer, Chem. Z. 1912, 36, 1327. 

Bacemisation. — The most likely explanation of the readiness 
with which a-carboxylic acids undergo racemisation (p. 266, 681) 
is to be found in the possibility 01 the desmotropic change : 
d-OH.OHPh.OO.OH 0H.CPh:0(0H), r.OH.CHPh.CO-OH. 

The asymmetry of the molecule is destroyed by enolisation, 
and thus on the reformation of the carboxylic group and the 
production of an asymmetric carbon atom equal amounts of 
the d and I compounds will be formed. This view is supported 
by the fact that /-atrolactic acid, OH-CPhMe^COgH, which 
-contains the carboxylic group attached to the asymmetric carbon 
atom, but which cannot undergo desmotropic change owing to 
the absence of the necessary hydrogen atom, is remarkably 
stable and does not exhibit the phenomenon of racemisation 
(see McKenzie and Widdms, J. C. S. 1915, 107, 702). 

Closely related to the above are the phenomena observed on 
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hydrolysing the esters of optically active acids with alkalis 
(McKenzie and iVveUy J. G. S. 1919, 116, 602). When aqueous 
sodium hydroxide is used, little or no racemisation occurs, and 
the resulting acid is optically active; when, however, alcoholic 
potash, which always contains a certain amount of potassium 
ethoxide, is used, distinct racemisation takes place, and if the 
saponification is incomplete, the unsaponified ester has under- 
gone racemisation to a greater extent than the acid formed. 

The explanation offered is that in both cases the first stage 
in hydrolysis is an additive reaction at the carbonyl group: 
with aqueous potash KOH is the addendum, and with 
alcoholic potash KOEt. Thus with ethyl Z-mandelate in 
aqueous solution the additive compound (I) immediately breaks 

OH OH 

Ph-C-H — Ph-C-H +EtOH 
KO-C-OEt K0.C:0 
OH 

(I) 

up into the Z-potassium salt and ethyl alcohol; at no stage is 
the grouping around the asymmetric C atom disturbed. In 
alcoholic solution the additive compound (II) is optically active; 

OH OH OH OH 

Ph.C.H — Ph.C — Ph-C-H — Ph-C-H 
KO-C-OEt KO-C EtO-C:0 

OEt OEt OEt 

(II) (III) . (IV) 

* 

but by the elimination of alcohol gives an unsaturated inactive 
compound (III), which adds on water and loses KOH, yielding 
a mixture of equal amounts of d and Z esters, as the re- 
formation of the asymmetric C atom in (IV) is a synthesis 
from a compound previously devoid of one, and therefore 
results in the formation of equal amounts of optical antipodes. 
The inactive ester in its turn is hydrolysed to inactive aci(^*, 
The additive compound (IV) is identical with (I), except that 
it is the d-Z-form, and the reason why it decomposes into KOH 
and ester rather than into potassium salt and alcohol is probably 
due to the presence of the large excess of alcohol which would 
prevent the dissociation in that particular direction. 


OH 

Ph.C.H -fKOH — 
0:C.0Et 
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I. Electrical Conductivity. — Attention has previously (p 
167) been drawn to the fact that the de^ee of ionization, a, 
of an acid in solutions of given concentration, v, may be deter- 
mined by a comparison of the electrical conductivity, A (re- 
ciprocal of resistance), at that dilution with the conductivity 
at infinite dilution when ionization would be complete, ue, 

a = — . From OstwaWs dilution law, based on the law of 

aoL 2 

mass action, it follows that -7-^^ . is a constant = i, where 

!;(1 — tt) 

V = number of litres of solution containing one equivalent of 
acid. This constant ik (or lOOi = K) is known as the dis- 
sociation constant, and is used as a measure of the strength of 
all feeble acids. The effect of the introduction of strongly 
negative groups into the acid molecule on this constant has 
been referred to(pp. 174 , 475 ), and the influence of strongly 
positive groups, e.g. NHj, is equally marked. Thus benzoic 
acid = 0*006, o-amino-benzoic = 0*0009, m-amino-benzoic == 
0*0010, and |?-amino-benzoic = 0*008. 

Hantzscli has used the electrical conductivity method in the 
diagnosis of pseudo-acids and bases. Thus with certain nitro- 
compounds the ordinary compound R*CH2*NOjj is a pseudo- 
acid and the isonitro-compound R *011: NO -OH is a true acid, 
and all the salts are derived from the latter. Those salts, as a 
rule, are but little hydrolysed, as the isonitro-compounds are 
relatively strong acids. A solution of such a salt will thus 

contain the metallic ions and the isonitro-ion R«CH:NO-0». 
When this solution is mixed with an equivalent quantity of 

hydrochloric acid the ions prosenc are Na, Cl, R*CH:NO*0', 

and H. In the majority of cases there is a considerable ten- 
dency for the strongly acidic and hence strongly ionized 
isonitro-compound (true acid) to become transformed into the 
ordinary nitro-compound (pseudo-acid). As this is practically 
a non-electrolyte, it follows that as this transformation occurs 
the conductivity of the solutioii will gradually diminish until 
j,t attains the value of a sodium chloride solution of the ^ven 
concentration. Thus with sodium jp-bromophenylnitromethane, 
CflH4Br*CH:NO-ONa, at 25®, and t;=256, after mixing with 
an equivalent of hydrochloric acid, the conductivity, /ui= 151*4 
after 1 -5 minute, and after 45 minutes a constant value /ui= 129*6 
was obtained. This approximates to the value = 114*4 
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for sodium chloride, and the difference may be due to secondary 
changes. 

Similar i*esults have been obtained with pseudo-bases. Tlie 
true base, methyl-phenyl-acridonium hydroxide (I), which is 
first liberated when salts of the base are decomposed with 
alkali, is readily transformed into the pseudo-base with the 
carbinol formula (II): 




which is practically a non-electrolyte. When a solution of the 
chloride of the base is neutralized with an equivalent of sodium 
hydroxide, the solution has a maximum conductivity which 
gradually diminishes until the value for a solution of sodium 
chloride of the given concentration is practically reached. 
Similarly with the sulphate and an equivalent quantity of 
barium hydroxide; at 0^ and v = 256, the initial conductivity 
was /x= 119*2, but after 15 hours it had fallen to /i= 1*7 (due 
to small amounts of dissolved baric sulphate). Phenomena 
of this kind, which are termed by Hantzsch “slow neutrali- 
zation ”, are largely used to denote tautomeric change, i.e, the 
change from a true acid to a pseudo-acid or from a true base 
to a pseudo-base (cf. pararosaniline, p. 515, cotarnine pp. 595, 
705) during the conversion of the salt into the^acid or base. 

The study of other physical properties such as Internal 
Viscosity (Zeit. phys. 1887, 1, 285, 293; 1888, 2, 744; com- 
pare also Dunstan, J. C. S. 1907, 1728; 1908, 1815, 1919; 
1909, 1556; 1910, 1935), Heat of Combustion (Stohmann, 
Zeit. phys. 1890, 6, 334; 1892, 10, 410), Capillary Constants 
(Schiff, A. 1884, 223, 47), Dfiagnetio Susceptibility {Pascal, 
Bull. 1909, 1110; 1910, 17, 45; 1911, 6, 79, 134, 177, 336, 
809. 868) indicate that here also there are similar t*elation(^ 
ships between constitution and physical properties. 
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XLVIII. FERMENTATION AND ENZYME ACTION 

A. Alooholio Fermentation. — Lavoisier^ 1789, was the first 
to recognize that alcoholic fermentation consists essentially 
in the decomposition of a su^r into alcohol and carbon 
dioxide; and Gay-Lassac^ 1810, drew attention to the fact that 
the presence of air appeared to be essential for fermentation 
and putrefaction to taxe place. The fact that brewers’ yeast 
is a low form of plant life was discovered independently by 
Cagmird-LcUour, Theodor Schwann^ and KiUzing, 1837. By 
microscopical examination they observed the growth of the 
organism, and showed that it could be destroyed by heat or 
by certain poisons. These results were not accepted by 
Berzeliiut^ Liebig, and others, who still regarded yeast as a 
chemical substance without life. According to Berzelius the 
yeast acted as a contact substance which decomposes the 
sugar without undergoing change itself; whereas Liebig re- 
garded the ferment as an extremely susceptible substance, 
which undergoes a change of the nature of decay, and sug- 
gested that the decomposition of the sugar was a type of 
sympathetic reaction induced by the change of the ferment. 
In 1857 Pasteur began his researches on fermentations. He 
was able to show that in other cases of fermentation, such as 
the lactic fermentation of milk, micro-organisms are present. 
He was further able to show that during alcoholic fermenta< 
tion the yeast grows and multiplies, and was led to the 
conclusion that fermentation is a physiological process ac- 
companying the life of the yeast. 

In his own words: **I am oi opinion that alcoholic fer- 
mentation never occurs without simultaneous organization, 
development, multiplication of cells, or the continued life of 
cells already formed ”. This conclusion harmonized with the 
facts already known that boiled liquids could be kept from 
fermenting by heating or filtering through cotton wool the 
air admitted to the liquid. 

It was Pasteur who proved that only 95 per cent of the glu- 
cose is accounted for as carbon dioxide and alcohol; he was able 
to isolate glycerol and succinic acid from the final products. 

As early as 1858 M. Traube expressed the view that all 
fermentations produced by living organisms are ultimately 
due to ferments, which are definite chemical substances manu- 
factured in the cells of the organism. These ferments he re> 
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garded as analogous to proteins. Travihe's conclusions have 
been verified in ^e case of alcoholic fermentation by Buehner*$ 
isolation of “ zymase ” from yeast (see p. 80). Buchner’s yeast 
juice, when quite free from yeast cells, can ferment solutions 
of glucose, fructose, sucrose, and maltose; and the fermenting 
power is not destroyed by the addition of chloroform, benzene, 
or sodium arsenite, antiseptics which inhibit the action of 
living cells; by filtration through a Berkefeld filter; by eva- 
poration to dryness at 30''-3ir, or by precipitation with 
alcohol. The fermenting power is, however, completely de- 
stroyed by heating to 50 , or by the addition of powerful anti- 
septics. The activity of the juice diminishes in the course of 
time, as a digestive enzyme is also present which gi|;adually 
decomposes the zymase. Both in rate of fermentation and iii 
the total fermentation produced, the extract or juice is much 
less efficient than the eq^uivalent amount of living yeast, and 
glycerol is formed as a oy-product when the extract is used. 
During fermentation a portion of the sugar is converted into 
a compound of less reducing power which is not fermented, 
but which yields sugar when hydrolysed with acids. Per- 
manent preparations containing zymase can be obtained by 
evaporating the juice to a syrup at 20°-25®, drying at 35®, and 
then exposing to sulphuric acid in a vacuum desiccator. Such 
a powder when dry retains its activity for twelve months, and 
can be heated at 85® for eight hours without any serious loss 
of fermenting power. Another preparation can be obtained 
by bringing tne juice into 10 volumes of acetone, centrifuging, 
washing the precipitate with acetone and then with ether, 
and drying over sulphuric acid. An important medicinal 
preparation known as zymm is manufactured by stirring 
moist yeast with acetone, filtering and drainii^ at the pump, 
again mixing with acetone and draining. The product is 
then roughly powdered, kneaded with ether, filterea, drained, 
and spread on filter paper or porous plates, and finally dried 
at 45® for twenty>four hours. This piquet is quite incapable 
of growth or reproduction, but produces fermentation and 
is much more active than ye^t extract. 

The researches of Harden and Yaang (Abs. 1905, ii. 109 > 
1906, i. 470) indicate that the activity of yeast juice or ex- 
tract is due to an enzyme and a co-enzyme, which can be 
separated by filtration or dialysis through a Martin gelatin 
filter; the residue contains the eni^m^ and the filtrate or 
dialysate the co-enzyme. Neither by itself can induce fer- 
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mentation, but a mixture of the two is equal in activity to 
the original juice. The co-enzyme is dialysable, and is not 
destroyed by boiling, but disappears from yeavSt juice during 
fermentation, or when the juice is allowed to undergo auto- 
lysis. It cannot be a protein, and its nature has not yet been 
determined. It is decomposed by acid or alkaline hydrolysing 
agents, by repeatedly boiling the extract, and also by the 
lipase of castor-oil seeds. In the case of other fermentations 
brought about by enzymes, e.g. lipase, it has been clearly 
demonstrated that both enzyme and co-enzyme are necessary, 
and also that the co-enzyme is a metallic salt of the com- 
plex taurochloric acid (p. 203). Harden and Ymng (Abs. 
1908, L 590) have also shown that phosphates added to a 
mixture of glucose and yeast juice produce both an initial 
acceleration and also an increased total fermentation. An 
optimum concentration of phosphate exists which produces a 
maximum initial rate of fermentation; an increase beyond this 
optimum diminishes the rate. The reaction between the glu- 
cose and phosphate is represented by the following equations : — 

2aHioOfl + SNajHPO. 

= 2CO, + 2c\HeO + CeHioO^CPO.Na^), + 
and C«Hio 04 (P 04 Na 2 )^ + 2HjO = +'2^SiJELFO^. 

According to the second of these, the glucose phosphate is 
hydrolysed by the water and yields sodium phosphate, which 
can then react with a further quantity of glucose. These 
conclusions are supported by the following facts. Careful 
experiments have shown that during the period of increased 
fermentation the amounts of alcohol and carbon dioxide pro- 
duced exceed those which would have been formed in the 
absence of added phosphate by a quantity exactly equivalent 
to the phosphate added in the ratio CgH^O : Na 2 HP 04 . (Com- 
pare also Iwanoff, Abs. 1909, 1, 752.) It has been proved that 
the metallic phosphate is not the co-enzyme already mentioned, 
iXB the filtered enzyme and phosphate are not capable of induc- 
ing fermentation in the absence of the filtrate. Fermentation 
does not proceed in the absence of phosphate although both 
enzyme and co-enzyme are present, and although arsenates 
and arsenites have accelerating actions on the rate of fer- 
mentation they cannot be used in place of the phosphate. 
The function of the arsenate or arsenite appears to be to act 
as accelerators in the decomposition of the glucose phosphate. 
Slator finds that phosphates have not an accelerating effect 
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when living yeast cells are employed. He has estimated 
(J. C. S. 1906, 89, 128; 1908, 93, 217) the amounts of carbon 
dioxide evolved during given periods of time when yeast 
itself is used, and finds that the rate of fermentation is exactly 
proportional to the amount of yeast present, and is almost 
independent of the concentration of the glucose. A yeast 
which can ferment glucose does not necessarily ferment an iso- 
meric sugar, e.g. galactose; it is probable that different 
enzymes are required for the different sugars. 

The fermentation of glucose undoubtedly consists of a whole 
series of chemical reactions; at present we know the sub- 
stances we start with and the final products obtained. Several 
suggestions have been made with regard to the nature ^of some 
of the intermediate products. Buchner and Meisenhetmer (B: 
1905, 38, 620) have suggested that lactic acid (p. 221) is first 
formed by the action of zymase on glucose, and that a second 
enzyme, lactacidase, then decomposes the lactic acid into ethyl 
alcohol and carbon dioxide. This suggestion was based on 
the fact that a concentrated solution of glucose with alkali 
yields about 3 per cent of alcohol on exposure to sunlight, 
whereas a more dilute solution under similar conditions gives 
a 50-per-cent yield of lactic acid. 

Another suggestion is that dihydroxy-acetone, CO(CH„*OH) 2 , 
is an intermediate product, and it has been proved that this 
compound can be fermented by yeast {Buchner and Meisen- 
heimer, B. 43, 1773; Lehedew, 44, 2932); compare also Franzen 
and Steppuhn, ibid. 2915. The formation of dihydroxy-acetone 
and glyceraldehyde from d-fructose is readily explicable, as the 
latter is formed by the condensation of the former compound 
under certain conditions (p.*326), and in all probability the 
reaction is a reversible one. It has also been* suggested that 
glyceraldehyde, by the loss of water, yields the enolic form of 
methyl-glyoxal, CH : C(OH) • CHO, and from methyl-glyoxal 
either lactic acid or even alcohol and COo can be formed by 
the addition of water. That compounds like glyceraldehyde, 
methyl-glyoxal, or lactic acid are important intermediate pro- 
ducts in the process of alcoholic fermentation appears to be 
highly improbable in view of tbe fact that the first of these ia 
only slowly fermented, and the last two are unacted upon by 
yeast and yeast juice {Skitor, and Buchner^ and Meisenheimer). 

Neuherg, 1911, has shown that yeast contains an enzyme, 
carboxylase, which is capable of eliminating COg from a- 
ketonic acids, and suggests that pyruvic acid (p. 233) is an 
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intermediate product in the formation of alcohol, the carboxy- 
lase decomposes the pyruvic acid into acetaldehyde and COq, 
and the aldehyde is reduced by the yeast to ethyl alcohol. It 
has been proved that the addition of pyruvic acid to the 
fermenting liquor in the presence of glycerol, which may act 
as an enzyme preservative, increases the yield of alcohol, and 
it is also known that yeast is capable of reducing aldehydes 
(p. 663). The link which is missing is the conversion of a 
hexose into pyruvic acid. 

Of the by-products mentioned on p. 79, glycerol is formed 
from the sugar, as Buchner and Meisenheimer have shown that 
it is also formed when yeast extract or zymin acts on sugar 
solutions. As stated on p. 206, the yield of glycerol can 
be increased to 20 per cent of the weight of the sugar by 
using suitable j^easts in the presence of sodium carbonate or 
sulphite. The fusel oil and succinic acid, on the other hand, 
do not owe their origin to the sugar, but to other products 
present in the mixture undergoing alcoholic fermentation. 
The researches of F. Ehrlich (1904-10) prove that the 
alcohols and also the aldehydes present in ordinary fusel oil 
are derived from the amino-acids formed by the hydrolysis 
of proteins. Thus isoamyl alcohol, one of the chief consti- 
tuents of fusel oil, is closely related to leucine, a-amino- 
isohexoic acid, and active amyl alcohol to isoleucine, a-amino- 
/8-methyl-valeric acid, both of which are formed by the hy- 
drolysis of proteins, and according to Ehrlich both these acids 
are transformed into the corresponding amyl alcohols under 
the influence of pure yeast cultures, in the presence of sugar: 


(CH3)2CH.CH2-CH(NHo).C 02H + HoO 

(CH3)2CH.CH2-CH2*0H + CO 2 + NHg. 


These changes, although brought about by yeast, do not 
occur when zymin or yeast extract is used. Other amino 
acids undergo a similar decomposition : tyrosine (p. 485) yields 
jt^hydroxy-phenvl-ethy 1-alcohol, tyrosol, OH - 0(5114 •CHg-CHg- 
OH, and phenyl-alanine (p. 479) gives phenyl-ethyl alcohol. 

The ammonia is not found at the end of the reaction, as it 
is used up' by the organism for the purpose of building up 
new protein molecules. If appreciable amounts of simple 
nitrogenous substances, such as ammonium salts, are originally 
present in the fermenting liquor, the organism uses these in 
preference to decomposing the amino-acids; and Ehrlich has 
found it possible to increase or diminish the amounts of fusel 
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oil formed, by diminishing or increasing the amounts of am- 
monium salts present at the beginning of the fermentation, 
and also to increase the fusel oil by the addition of larger 
amounts of amino-acids to the fermenting mixture. (Cf. 
Chap. LVI, Rubber.) Practically all amino-acids formed by 
the hydrolysis of proteins can undergo similar decomposition 
by yeast, but only in the presence of sugar. The succinic 
acid found as a by-product in alcoholic fermentation is prob- 
ably formed in a similar manner from glutamic acid. 

According to Neaherg and Fromherz (1911), ke tonic acids 
arc probably formed as intermediate products in the fermen- 
tation of amino-acids to alcohols; and Neuhet'g has been able to 
show that many a-ketonic acids, e.g, pyruvic, CHg • CQ • COgH, 
and oxalacetic, C 02 H-CH 2 *C 0 -C 02 H, are readily decoiA- 
posed by yeast even in the absence of sugar, yielding carbon 
dioxide and aldehyde. (Cf. p. 736.) With a 1-per-cent solu- 
tion of pyruvic acid the decomposition is almost as rapid as 
with a sugar solution. For summary of work on yeast growth 
and fermentation cf. Slator^ J. S. C. I, 1919, 38, 391 R. 

For fermentations induced by organisms other than yeasts, 
see pp. 156, 158, 222. According to Harden (J. C. S. 1901, 
610) Bacillus coli communis ferments glucose, fructose, or 
mannitol, yielding lactic, succinic, and acetic acids, alcohol, 
formic acid, carbon dioxide, and hydrogen. The main re- 
action can be represented by the equation; 

2 CoHi A + H2O = 2C3He03 + C^HA -f C,B^O + 2CO2 + 2H2. 

With glucose the weight of lactic acid is practically 50 per 
cent of the sugar, and the alcohol and acetic acid are formed 
in equal amounts. The akohol probably comes from the 
group CH2(0H) • CH(OH), and as this group* occurs twice in 
the molecule of mannitol the yield of alcohol is much greater 
when this compound is used. The lactic acid is probably 
derived from the CH(OH) • CH(OH) • CH(OH) grouping. 
B. typhosus yields similar pr^ucts, except that it gives formic 
acid instead of carbon dioxide and hydrogen (Abs. 1906, II, 
380 ). 

B. Enzyme Action. — Attention has been drawn sever^ 
times (pp. 79, 80, 448) to the fact that chemical decomposi- 
tions can be brought about by certain complex organic sub- 
stances found in animal and plant tissues. Such substances 
are termed unorganized ferments or enzymes. The great ma- 
jority act as catalysts in processes of hydrolysis, e,g, invertase 

/ n ;IOrk \ or 
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which hydrolyses cane sugar, amylase which hydrolyses starch, 
emulsin (p. 448), myrosin (p. 634), pepsin and trypsin (p. 641); 
lipases which hydrolyse glycerides; and esterases which hydro- 
lyse esters; but in addition there are enzymes which bring about 
oxidation, viz. the oxidases ; enzymes which reduce aldehydes to 
alcohol, the reductases ; enzymes which eliminate CO 2 from acids, 
carboxylases (p. 735); enzymes which produce clotting, e.g, throm- 
base, the blood-clotting enzyme, rennin, which produces the clot- 
ting of milk, and pectase which acts upon the pectins of plants ; 
enzymes which bring about complex reactions, e.g. zymases. The 
enzymes are unstable nitrogenous compounds of colloidal nature, 
but not necessarily proteins. They act as catalysts, in the majo- 
rity of qases as positive, but in a few as negative. The cata- 
lytic nature is shown by the fact that the rate of reaction is 
directly proportional to the concentration of the enzyme, but 
that the total decomposition is independent of the amount of 
enzyme, provided sufficient time is allowed, and provided the 
enzyme does not undergo decomposition; as a rule a small 
amount of the enzyme cannot decompose unlimited amounts 
of substrate (the substance which is decomposed), as most 
enzymes are relatively unstable and can readily undergo 
proteolytic decomposition, and if only a small amount of 
enzyme is used the reaction slackens and finally ceases, owing 
to the autolysis of the enzyme, before all the substrate is 
decomposed. They are sensitive to high temperatures, e.g, when 
heated to below 100° their activity is completely destroyed; 
they are, however, resistant towards certain antiseptics which 
destroy protoplasm and kill fermenting organisms. Strong 
antiseptics, such as formaldehyde, tend to destroy enzymes. 
Enzymes are often precipitated from their colloidal solutions 
by the addition of alcohol or acetone, but such products are 
not pure ; in many cases they consist of a mixture of enzymes, 
and in this way the study of their reactions is complicated. 
The modern system of nomenclature is to name the enzymes 
according to the compounds they hydrolyse, e.g. maltase, 
sucrase ( = invertase), amylase ( = diastase), &c. The nature 
of the products formed varies not merely with the substance 
used, but also with the enzyme; thus the trisaccharose, raffi- 
nose, if hydrolysed by acids, yields galactose, fructose, and 
glucose; the same carbohydrate with diastase yields melibiose 
and fructose, and with emulsin galactose and sucrose. The 
action of enzymes is essentially selective, and in this respect 
differs from the hydrolysing action of alkalis or acids. Thus 
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esters, amides, carbohydrates, glucosides, &c., are all hydro- 
lysed by hydrochloric acid; whereas esters, but not carbo- 
hydrates, can be hydrolysed by lipases, and maltose, but not 
sucrose, can be hydrolysed by maltase. Even a slight difference 
in the configuration of two isomeric substances is sufficient to 
affect their reactivity with a particular enzyme, e.g, the two 
methyl-glucosides (p. 719), which are represented by the spatial 
formulae: 

OH H 

H — C\ H 

(a) cC6 6^6 (1) 

CHj.OH 


OH H 

H >C C OCH3 
(^) O^C (1) 

OH.cVl^O-"^ w 
CH^.OH 


the only difference being the arrangement of the H and OCH3 
attached to the carbon atom (1). Of these two compounds 
the a can be hydrolysed by maltase but not by emulsin, and 
the /3 by emulsin but not by maltase, and hence the names 
a and p glucaae are sometimes used for the two enzymes 
maltase and emulsin. So specific are the activities of the 
hydrolysing enzymes that practically each di-, tri-, or poly- 
saccharose has its own enzyme, which frequently accompanies 
it in the plant or animal tissue. The enzyme does not 
always exist as such in the tissue; sometimes it is present as a 
zymogen which forms the enzyme in presence of a suitable 
reagent, usually an acid. 

Inulase hydrolyses inulin; cellulase (or cytase) cellulose; 
lactase, lactose; melibiase, melibiose, &c. 

Similarly, each of the natural glucosides described on pp. 
632-634 is accompanied in the plant by its own enzyme; 
and as most of them are hydrolysed by emulsin but not by 
maltase, they are regarded as analogous to the jS-methyl- 
glucoside, with complex radicals in place of the methyl group. 
Maltose on the other hand is an a-glucoside resembling the 
a-methyl compound in configuration. Alkylglucosides derived 
from non-fermentable sugars, pentoses and heptoses are 
not attacked by either a or ^ glucase. ^ 

Numerous other examples of the same type have been met 
with, especially in the case of polypeptides {Fischer and Bergell^ 
B. 36 , 2592; 37 , 3103). 

Among the proteolytic enzymes the following are the 
commonest: Trypsin (from pancreatic secretion), papain 
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(from the juice of Carica Papaya), bromelin (from pineapple 
fruit), all of which hydrolyse proteins to amino-acids. Pepsin 
is the gastric secretion which converts proteins into proteoses, 
peptones, and amino-acids. Other enzymes derived from the 
animal body are : arginase, which converts arginine into 
ornithine and urea; guanase, which converts guanine into 
xanthine; and adenase, which converts adenine into hypo- 
xanthine; the first occurs in the liver and kidney, and the 
last two in the spleen, thymus, and liver. Urease transforms 
urea into ammonium carbonate by the addition of water. 

Pepsin acts best in presence of 0*2 per cent hydrochloric 
acid, which is also secreted by the mucous membrane. Tryp- 
sin acts Ipest in alkaline solution, and usually produces amino- 
adids and tri- and tetrapeptides (p. 640), and in addition can 
hydrolyse many synthetical polypeptides, especially those 
derived from amino-acids of high molecular weight, but its 
action is selective as it will not hydrolyse glycylalanine, also 
d-alanyl-d-alanine is hydrolysed, but d-alanyl-/-alanine is not. 

Glyoxalase is an enzyme present in tissues and secretions, 
and is capable of converting glyoxals into hydroxy acids: 

E-CO-CHO + HgO — R-CH(0H).CX)2H. 

Tyrosinase and laccase are examples of oxidases, and they 
often occur together. The former oxidizes tyrosine (a-amino- 
^-jtT-hydroxyphenyl-propionic acid, OH • CgH. • CHg • CH(NHo) 
COjjH, to homo-gentisic acid, 2:5-dihydroxypnenylacetic acid, 
and then to an insoluble black product. Both are capable of 
oxidizing polyhydnc phenols. Laccase occurs in the juice of 
the lac tree, and oxidizes the juice to a black product. 
Catalase is the name given to various enzymes present in 
animal and vege‘iiable tissues, and their characteristic property 
is the readiness with which they destroy hydrogen peroxide. 
Peroxidases are enzymes which activate hydrogen peroxide, 
and thus bring about actions which the peroxide alone is 
incapable of effecting. 

It has been proved in many cases that a particular enzyme 
can act not merely as a hydrolysing but also as a synthesizing 
agent. The process of hydrolysis is frequently a balanced 
reaction, although in the majority of cases the equilibrium is 
mainly in the direction of analysis and not synthesis. The 
synthesizing activity of an enzyme was first demonstrated by 
Croft-Hill (J. C. S. 1898, 634; 1903, 578) in the case of maltase. 
The greater portion of the maltose is hydrolysed to glucose, 
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but a certain proportion of disaccharose is always present, and 
in a solution of glucose maltase can produce a certain amount 
of a disaccharose, which at first was thought to be maltose, 
but has since been proved {E, F, Armstrong, 1905) to be a 
mixture of maltose and isomaltose. Invertase, lactase, emulsin, 
and lipases have all been shown to possess synthetical activity. 
The formation of starch in plant and glycogen in animal 
tissues is probably largely due to the activities of synthesizing 
enzymes ; and Pottmn has succeeded in synthesizing a triolein, 
one of the common constituents of natural fats, by means of a 
lipase. 

Bourquelot and his co-workers (Annales, 1913 [viii], 28, 145) 
have synthesized numerous ^-glucosides and /^-galactosides by 
means of ^-glucase (emulsin). As the reaction is reversible* it 
is advisable to reduce the amount of water and to work in the 
presence of an appreciable excess of alcohol or other hydroxylic 
compound which is to form the glucoside with the dextrose. 
The following P compounds have been synthesized: — Methyl- 
glucoside, geranylglucoside, cinnamylglucoside, and benzyl- 
glucoside, most of which are definite crystalline compounds 
which are readily hydrolysed by ^-glucase in the presence of 
water. a-Glucosides and galactosides have been synthesized 
by means of an enzyme (a-glucase) present in the aqueous 
extract from bottom yeast (ibid. 1915 [ix], 3, 28), and a- and 
^-glucosides and galactosides derived from di- and tri-hydric 
alcohols, €,g, glycol and glycerol have also been prepared 
(ibid. 4, 310). 

Emulsin not only contains /3-glucase but also other enzymes, 
e.g. gentiobiase, cellase, and /?-galactase (C. R. 1915, 161, 463). 
The best yields of /?-alkytglucosides are obtained by using 
solutions containing about 15-20 per cent of 'dextrose. With 
higher concentrations of dextrose and smaller concentrations 
of alcohol the effects of the gentiobiase and cellase become 
apparent, and by the action of emulsin on an aqueous 
solution of c?-galactose it has been found possible to isolate 
a syrupy galactobiose with = + 54° (ibid. C. R. 1916, 
163, 60). 

The action of invertase (sucrase) on cane sugar appears ^o 
be a non-reversible one, and hence the synthesis of sucrose 
from d-glucose and d-fructose by this enzyme is not to be 
expected {Hudson^ J. A. C. S. 1914, 36, 1571 ; Lob. Abs. 1916, 
i, 296). 

It is now generally conceded that a particular enzyme which* 
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produces the hydrolysis of a glucoside is the enzyme which is 
instrumental in synthesizing that glucoside, as the same 
equilibrium is attained when the reaction is started from 
either end (C. R 1913, 166 , 957; Bayliss, P. R S. 1912, 

B. 86, 359). 

The rate of hydrolysis by means of enzymes has been 
studied by different authorities. The investigations of OSul- 
livan and Thompson (J. C. S. 1890, 834) and of Hudson (J. Am. 

C. S. 1908, 1160, 1564; 1909, 655) prove that in the inversion 
of sucrose by invertase constant values for K can be obtained 
by using the ordinary equation for a unimolecular reaction, 
provided that the complications attending the mutarotation 
of the gUicose and fructose (p. 718) are avoided by adding 
a small quantity of alkali before taking the polarimetric 
reading. The alkali stops the inversion, and at the same 
time rapidly brings about equilibrium between the a- and 
^-glucoses and the a- and /^-fructoses, so that the normal 
rotatory power of invert sugar is given. Hudson^s results 
clearly prove that the a-modifications of glucose and fructose 
are first formed. Compare Rosanoff^ Clerks and Selby ^ J. A. C. S. 
1911, 33, 1911. 

A view generally held with regard to the mechanism of 
enzyme reaction is that adsorption of substrate by the enzyme, 
followed in some cases by combination, takes place, and that it 
is this compound which reacts with water. The fact that a 
specific enzyme can hydrolyse only particular substrates is in 
harmony with this view, as it is known that chemical constitu- 
tion plays an important part in adsorption. Cf. H. E, and 
E, F, Armstrong, P. R S. 1913, B. 86, 561. 

In living tissues a number of complex substances are present 
which are capable of interfering with the action of an enzyme. 
These are termed anti-enzymes. Some are normally present 
in tissue, others appear to be formed when an enzyme is 
injected into the tissue. 


GLUCOSIDES AND THE DISACCHAROSES 

The spatial configurations of the two a- and j8-methyl 
glucosides are given on p. 739. At one time Nef (A. 1914, 
403 , 204) suggested that the a-glucoside has the y-oxide 
‘structure, whereas the /3-compound should be represented by 
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an ethylene oxide* structure, but Fischer (B. 1914, 47, 1980) and 
Michaelis (46, 3683) have brought forward arguments against 
such a structure for the y8-compound. FisSier was aWe to 
isolate a third methyl -glucoside termed the y- compound, 
which is extremely readily hydrolysed by acids and readily 
oxidized by alkaline permanganate in the cold. It readily 
undergoes auto-condensation and is affected by neither a- nor 
/8-glucases. 

IiDine and others (J. C. S. 1915, 107, 524) have shown that 
this y-compound exists in two stereoisomeric forms. It is now 
generally accepted that the y-glucoside is probably an ethylene' 
oxide, as this would account for its remarkable activity, so 
that there are four methyl glucosides, a pair of stereoisomeric 
butylene oxides (a and J8 formulae, p. 739), and a pair* of 
stereoisomeric ethylene oxides (y and S). 

The spatial configurations given to the a- and yS-compounds 
are based on the fact that, according to Boeseken^ the presence 
of hydroxyl groups attached to two adjacent carbon atoms 
causes the hydroxyl compound to produce appreciable exalta- 
tion in the electrical conductivity of an aqueous solution of 
boric acid (p. 720), and the effect is still more marked if the 
two hydroxyls are spatially adjacent, e^g. on the same side of 
the molecule. Experiments made with the a- and ^-glucoses 
corresponding with the a- and j8-glucosides show that the 
a-compound produces a greater exaltation than the and 
hence the configuration analogous to the a-methyl-glucoside 
represented on p. 739 is given to the a-compound, viz. the con- 
figuration in which the two OH groups attached to adjacent 
C atoms lie in the same plane (B. 1913, 46, 2612). For 
further examples of the effbct of hydroxy compounds on the 
electrical conductivity of boric acid cf. Abs. i*915, ii, 136, 667, 
668; Imne and Steele, J. C. S. 1915, 107, 1221. 

It is highly probable that each aldohexose or ketohexose 
exists in four isomeric forms corresponding with the four 
isomeric methyl-glucosides, viz. a- and JS-glucose of the 

« 

*The 7-oxide or butylene oxide and the a-oxide or ethylene oxide 
contain the groupings I and II respectively: • 

(I) .C-C.C.C (II) C . 0 

Lo-I V 

The terms ethylene and butylene are used in order to avoid confusioi^ 
by using the terms a and 7 in two different senses* 
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butylene oxide type represented below, and two stereo- 
isomeric compounds, the y and B of the ethylene oxide type. 
In a similar manner a crystalline methyl fructoside of the 
butylene oxide type is known, and Fischer^s syrupy com- 
pound appears to contain in addition a fructoside of the 
ethylene oxide type {Irvine and Robertson, J. C. S. 1916, 109 , 
1305; Hudson and Brown, J. A. C. S. 1916, 38 , 1216; Steele, 
J. C. S. 1918, 113, 257). A methyl-galactoside of the olefine 
oxide type has also been isolated {Cunningham, J. C. S. 1918, 
113 , 596). The existence of four isomeric glucoses, fructoses, 
&c., is incomplete harmony with the existence of four isomeric 
pen ta-acety 1-galactoses (p. 323). 

The structural formulae for the butylene and olefine oxide 
forms of (i-glucose and d-fructose are represented as follows: 

/ CH-OH (1) /CH.OH (1) CHg-OHd) CHa-OH(i) 

CH.OH 2 \CH /C.OH /C-OH 

\ CH.OH 3 CH.OH X CH.OH \CH 

\CH 4 CH.OH \ CH.OH CH-OH 

CH.OH 6 CH.OH \CH CH.OH 

CHg.OHs CHg.OH CHg.OH CHg-OH 

a- and /i-glucoses y- and ^-glucoses a- and ^-fructoses y- and a-fructoses 

The glucosides and fructosides have similar formulae but with 
the OH groups attached to C(l) replaced by .OCHg. For 
stereochemical configurations of a- and ^-glucosides see p. 739. 
The y- and ^-glucoses differ with reference to the arrangements 
of the two H atoms attached to carbon atoms 1 and 2; in 
the one case they will both lie orr the same side of the plane 
of the oxide ring, and in the other case on opposite sides. 
Similarly with a- and /8-fructoses ; in one case the two 
• CHg'OH groups will be on the same side of the butylene 
oxide ring, and in the other case on opposite sides (compare 
stereoisomerism of polymethylene derivatives, p. 346). 

When treated with acetic anhydride and zinc chloride 
fructose yields a crystalline tetra-acetyl derivative of the 
eVhylene oxide type, and it can be further acetylated or 
alkylated, yielding penta-acetyl-fructose or tetra-acetyl-methyl- 
fructose. The tnacetyl derivative, on the other hand, is of 
the butylene oxide type, and cannot be alkylated or further 
acetylated, probably owing to steric hindrance (Steele, ibid. 
1918, 113 , 257). 
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Disaccharoses. — In discussing the structural formulae and 
configurations of di- and trisaccharoses, it must be remembered 
that the older structural formulae were largely deduced from 
the nature of the monosaccharoses obtained by hydrolysis 
with mineral acids at fairly high temperatures. As each 
monosaccharose exists in four isomeric forms, and these forms 
are sensitive to acids or traces of alkali, it is clear that much 
more detailed and careful examination is essential before it 
can be stated what are the primary products of hydrolysis 
and hence what is the structure and configuration of each 
portion of the disaccharose molecule. 

The employment of methylated derivatives of the di- 
saccharoses for hydrolytic study, in place of the sugars thejn- 
selves, has thrown much light upon the structure of these 
compounds. The great advantage the methyl derivatives 
have is that they are much more stable and less liable to 
undergo the intramolecular changes characteristic of the 
sugars themselves. 

Cane Sugar. — The experiments of Haworth and Law 
(J. C. S. 1916, 109, 1314) on the hydrolysis of octamethyl 
sucrose (p. 329) indicate that the primary products are a 
butylene oxide form of tetramethyl-glucose and a tetramethyl- 
fructose with = + 29*3® which is extremely readily 
oxidized by permanganate, and is therefore presumably an 
olefine oxide form of tetramethyl-fructose. As in the methyla- 
tion of sucrose complex molecular rearrangements are not 
likely to occur, it follows that the original cane sugar molecule 
has a structure analogous to that of its octamethyl ether, 
and on hydrolysis should give one of the butylene oxide forms 
of d-glucose and one of the olefine oxide forms of d-fructose, 
and hence its structural formula should be : 


CHa-OH 

OH.CH2.CH(OH).OH.[CH.OHi.CH.O.C • CH.[CH.OHi.CHa.OH. 
' O ' \/ 


The actual products isolated after hydrolysis are an equili- 
brium mixture of a- and /3-glucoses (butylene oxide type) 
and tt- and jS-fructoses (butylene oxide type), as the olefine 
oxide type of fructoses readily undergoes structural change 
into the butylene oxide form. As in aqueous-solution, each 
t 3 rpe of glucose and fructose exists as an equilibrium mixture^ 
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of two stereoisomeric forms, viz. a and /S or y and S, the whole 
process may be represented as : 

Sucrose — > o-glucose + 7 -fructo 8 e — ^ a-fructose 

11 M 11 

/S-glucose 5-fructose j8-fructose, 

where broad arrows indicate structural change and light 
arrows stereochemical change. 

Lactose. — The process of complete methylation and subse- 
quent hydrolysis has also been used for ascertaining the 
structure of the lactose molecule (Haworth and Leitch, ibid. 
1918, 113, 188). The steps may be represented as follows: — 

Lactoses — h- methyl-lactoside — ^ heptamethyl-methyl-lacto- 
side (octamethyllactose) — ► methyl alcohol + tetramethyl- 

hydrolyals 

galactose (butylene oxide type) + trimethylglucose (butylene 
oxide type and identical with the one isolated from methylated 
cellulose). 

In deciding the structure of lactose and its octamethyl 
derivative the following considerations must be borne in mind : 

(а) The fact that the one product of hydrolysis is a tri- 
methylglucose and the other a tetramethylgalactose indicates 
that, in the condensation of galactose and glucose to form 
lactose, the reactive CH*OH group (No. 1) of glucose has 
remained intact, whereas the reactive group of galactose 
has taken part in the condensation. 

(б) Since lactose forms an osazone, which on hydrolysis 
gives galactose and glucosone (p. 314), it follows that the 

• CH*OH group (No, 2) adjacent to the reducing group 
(No. 1) of glucose is free. 

(c) Lactose cafl be oxidized to a lactobionic acid (terminal 

• CHOH No. 1 oxidized to COgH and oxide ring broken), 
which on hydrolysis yields galactose and gluconic acid, and 
this lactobionic acid when oxidized in the form of its calcium 
salt by FentorCs reagent (p. 316) gives a galactose-arabinose 
disaccharide which also yields an osazone, and hence the 
OH group adjacent to the reducing group in the arabinose 
portion of the molecule (No. 3 in the glucose molecule) is also 
free. Therefore ; 

(d) The onlv C atom by means of which the glucose residue 

can be attached to the terminal C atom of the galactose 
residue is 4, 5, or 6. 4 is precluded as it is already used in 

?orming the butylene oxide ring, and 6 is precluded as the 
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2:3:5-trimethyl glucose, which would then be one of the 
products of hydrolysis, is isomeric and not identical with 
the trimethyl glucose actually obtained. 

The structural formula for the octamethyl derivative is 
therefore : 

H-OH CHg-OMe — CH-OH CHg-OMe (6) 

pCH O CH 1 CH-OMe CH -OH (6) 

I CH . OMe — CH — i CH • OMe + p CH + MeOH 

? CH.OMe I CH -OMe ‘—CH 1 CH -OMe (3) 

l—OH ? CH -OMe CH-OMe i CH -OMe ( 2 ) 

CH-OMe LcH -OM e CHj-OMe CH^)H(i). 

CH,-OMe HO -H 

0cUmetlurl.l«ctoM + 2H,0 — + atohS 

The structure of lactose is similar, but with hydrogen atoms 
in place of the eight methyl groups. 

Maltose. — The same method of investigation has been made 
in the case of maltose (ibid. 1919, 116 , 809), and the formula 
suggested by Fischer (p. 330) has been confirmed. The octa- 
methyl derivative, or heptamethyl-methylmaltoside, was pre^ 
pared by using methyl sulphate followed by methyl iodide 
and silver oxide, and was hydrolysed by heating with 
5 per cent hydrochloric acid at 86°-100° for three hours. The 
products of hydrolysis were separated by fractional distillation 
in the high vacuum of a Gaede pump, and proved to be a 
mixture of a tetramethyl- glucose and a trimethyl -glucose 
derived from the two portions of the maltose molecule. The 
trimethyl-glucose has the properties of a butylene oxide com- 
pound, but is not identical with the product obtained from 
octamethyllactose. It does not yield an osazone, and when 
oxidized gives the lactone of a dicarboxylic acid containing 
the same number of C atoms, and the trimethyl-glucose must 
therefore contain a group, the oxidation being 

represented by the following reaction: 

OH . CH . CH(OMe) • CH(OMe) • CH . CH(OMe) • CH^OH 
I O ! 

— CO.CH(OMe)-CH(OMe).CH.CH.OMe.COOH. 

! O ! 
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The formula for octamethyl maltose is therefore: 

H.OH 

— CH O CHg P CH.OH CH2.OH 

I CII-OMe CH-OMe I CH^OMe CH -OMe 

? CH-OMe pCH —1 CH-OMe + .— CH + MeOH 

I— CH I CH-OMe CH I CH -OMe 

CH-OMe I CH-OMe CH-OMe 1 CH -OMe 

CHg-OMe '-CH-OMe CHg-OMe CH -OH 

HO-H 

und maltcjse presumably has a similar structure with eight 
H 'atoms in place of the eight Me groups. 

As it is hydrolysed by maltase (a-glucase) and not by 
emulsin it is an a-glucoside, and therefore has a configuration 
similar to a-methyl-glucoside (p. 739), but with the complex 
glucose residue in place of the methyl group. 

Isomaltose in all probability is the corresponding ^-glucoside. 

Two other disaccharides containing two glucose residues 
are known, viz, cellobiose and gentiobiose (p. 331); the former 
is probably similar in structure to lactose, but containing a 
glucose and not a galactose residue (on the left-hand side 
of the formula, p. 747). Melibiose, on the other hand, is 
similar in structure to maltose, but containing a galactose 
residue on the left-hand side of the molecule. 

Synthetic Disaccharoses. — The y-methyl-galactoside (p. 744) 
when completely methylated and then hydrolysed give a 
tetramethyl-galactose of the ethylene oxide type, which readily 
undergoes autocondensation, yielding an octamethyl-digalacto- 
side (ethylene oxide type). 

A methyl-digalactoside, probably represented by the formula 
0Me.CH[CH-0Hl2-0H-0H(0H).CHa-0-CH.CH-[CH-0H]8-CH2.0H, 



is formed by the autocondensatyon of a^, )8-, or y-methyl- 
glucoside or from mixtures. 

Sy the action of methyl alcohol containing very little HCl 
(0*25 per cent) on aldoses it has been found possible to synthesize 
products containing three or four aldose groups and one methoxy 
group, e,g, methyl-tetragalactoside, methyl-trimaltoside. 

These are probably formed by the partial conversion of the 
9,- and )8-aldoses into y-forms followed by autocondensation. 
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XLIX. CATALYTIC ACTION OF FINELY-DIVIDED 
METALS AND METALLIC OXIDES 


For catalytic reductions, see pp. 665--61. Finely-divided 
solids can act as catalysts in various other reactions. 

Oxidations. — One of the most interesting of these is the 
decomposition of primary alcohols into aldehydes and hydrogen 
when passed through a tube containing iron, zinc, brass, zinc 
oxide, ferric oxide, or stannic oxide. At 660° in the presence 
of zinc, ethyl alcohol gives an 80-per-cent yield of acetalde- 
hyde, other primary alcohols behave in a similar manner, 
and isopropyl alcohol gives an almost quantitative yield 
of acetone. * • 

The reaction with copper and ethyl alcohol also gives good 
yields. The reactions: Primary alcohol ^ aldehyde + H 2 , 
secondary alcohol ^ ketone + Hg, are reversible in the 
presence of the catalyst, as an aldehyde and hydrogen when 
heated in contact with zinc or iron yield an alcohol. When 
alcohols are heated with hydrogen under pressure, and in 
contact with zinc or iron, the final products consist mainly of 
hydrocarbons if the temperature is fairly high, e»g, isoamyl 
alcohol yields considerable amounts of propane and methane. 
The formation of these latter is probably due to the following 
series of reactions: — 


(CH3)2CH . CHo • CHg • OH — (CH3)2CH • CHg • CHO + H 
(CH 3)2CH . CH 2 • CHO — (CH3)2CH . CHg -f CO. 

(CH 3 ) 2 CH . CHg -f Ha CHg*. CHg • CHg + CH^. 


2 * 


Reduced benzene derivatives can be oxidized to benzene 
compounds, but pentamethylene derivatives*are not oxidized. 
Zelinsky shows (B. 44 , 3121) that palladium black can also 
bring about oxidations at about 200°-300° — e.g, hexamethy- 
lene — benzene (ibid. p. 2302) — and gives an example, viz. : 
methyl-tetrahydro-terephthalate, which is both oxidized and 
reduced by hydrogen in tlje presence of palladium black. 
Glycerol in the presence of AlgOg yields acraldehyde, and in 
the presence of finely-divided copper ethyl and alkyl alcolfols 
{Sabatier, C.R. 1918, 166 . 1053). 

Dehy^ation. — When alcohols are heated at 400°-500° in 
the presence of aluminium oxide (AlgOg) a decomposition into 
olefine and water occurs, no aldehyde being formed. This 
appears to be a simple method for obtaining an olefine froifi 
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the corresponding alcohol, li has been shown that the alu 
minic oxide loses its activity when strongly heated and 
rendered insoluble in acids or alkalis. Later experiments 
have shown that when the alcohols are heated under pressure 
with the oxide, the primary decomposition is into water and 
an ether, and that at higher temperatures the ether yields an 
olefine and water : 

2CHa-CH,-OH — + HjO (400^) 

(Cil3.Cn2)jO — 2CHa:CH2 + 11,0 (530°). 

This reaction is characteristic of primary and secondary alco- 
hols, and does not occur in the absence of the catalyst, even 
when higher temperatures are used. The first reaction is 
reversible, as ether, under similar conditions, yields a certain 
amount of alcohol. 

Unsaturated hydrocarbons can also be obtained by the action 
of aluminic oxide on cyclic alcohols; thus menthol (p. 613) 
yields menthene. The same catalyst at 200°-300° is able to 
transform ethylene oxide and its homologues into the isomeric 
aldehydes: 

— CH*.CH:0. 

CHj./ * 

A similar change occurs in the absence of the catalyst, but 
at a higher temperature, viz, 500°-600°. Bouveault (Bull. Soc. 
Chim. 1908 [41, 3, 119) finds that good yields of aldehydes 
can be obtained by passing primary alcohols over copper coils 
heated by an electric current. Secondary alcohols under 
similar conditions yield ketones and hydrogen, and ketonic 
alcohols, R*CH(OH)«CO*E, yield kiketones, R-CO-CO-R, 
and hydrogen. « 

Unsaturated alcohols undergo molecular transformation and 
yield saturated aldehydes : 

Numerous other substances, e,g. pumice, animal charcoal, sand, 
red phosphorus, and aluminic pnosphate, can decompose alco- 
hols into olefines and water, but oxide of aluminium appears 
to be the best {Senderens, C. R. 1907, 144, 381, 1109). Bovr 
veauU has designed a special apparatus for the preparation of 
olefines by this methoa. 

The action of silica as a catalytic agent is extremely char- 
acteristic. Pure precipitated silica, moderately calcined, decom- 
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poses ethyl alcohol at 280^ yielding pure ethylene. After it 
has been more strongly calcined, it induces decomposition only 
at a higher temperature, and then yields ethylene and water 
together with hydrogen and aldehyde. Pulverized quartz can 
yield as much as 50 per cent of the theoretical amount of 
hydrogen and 50 per cent of ethylene. Similarly, alumina 
which has been strongly calcined decomposes part of the 
alcohol into hydrogen and aldehyde. Experiments made with 
gypsum ^CaS04, 2H«0) dehydrated below 400® and with an- 
hydrite (CaSOJ indicate that the catalytic dehydration of 
alcohols is effected by substances which are capable of forming 
temporary hydrates. Thoroughly calcined gypsum or natural 
anhydrite decomposes alcohol at high temperatures only, and 
then yields mainly hydrogen and acetaldehyde; on {he other 
hand, gypsum which has been dehydrated at a moderate tem- 
perature is capable of combining with water, and decomposes 
alcohol at about 400®, yielding ethylene {Senderens^ Annales, 

1912, 25, 449). 

Sabatier and Maihle (Annales, 1910 [viii], 20, 289) have 
studied the action of the following metallic oxides on primary 
alcohols, more especially ethanol: ThOg, AI2O3, CrgOg, SiOo, 
TiOg, BeO, ZrOg, UOg, MOgOg, FcgOg, VgOg, ZnO, MnO, CdC5, 
Mn304, MgO. The first four act almost entirely as dehy- 
drating agents, and at 340®-350® give 90-100 per cent yields 
of olefine and little or no hydrogen (cf. BaskervillCy J. A. C. S. 

1913, 36, 93). On the other hand, the last five oxides bring 
about oxidations, and give practically 100 per cent of hydrogen 
and no olefine. BeO and ZrOg give approximately equal 
volumes of hydrogen and olefine, i.e. they are mixed catalysers, 
as are practically all the intermediate oxides. According to 
these chemists the activity of finely-divided#metals or oxides 
is due to the formation of unstable additive compounds; 

in catalytic oxidations of unstable hydrides : 

Alcohol + metal — ► metallic hydride aldehyde 

Metallic hydride — ► metal + hydrogen, 

such hydrides are readily decomposed, and yield the metal 
which can react with a further quantity of alcohol. With t^e 
readily reducible metals, SnO, CdO, &c., a small amount of 
metal is formed, and this reacts as above. As the activity 
does not increase with time, as might be expected as more 
oxide becomes reduced, it is suggested that the metal gradu< 
ally becomes less finely divided and hence less active. Oxidea 
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which are not readily reduced may form unstable compounds 
with hydrogen or with the aldehyde. The mechanism of 
catalytic dehydration does not consist in the formation of 
unstable hydrates of the catalyst as at first supposed, but 
in the formation of alkyl salts, formed by the union of the 
alcohol with the acidic oxide used as a catalyst : 

ThOa + 2 Eton — ThO(OEt)2 + HoO 

ThO(OEt)2 — 2 C2H4 + ThO(OH)2 

ThO(OH)2 ThOg + H2O. 

Mixed aromatic oxides or ethers can be readily prepared by 
using ThOg (C. li. 1914, 168, 608). For catalytic formation 
of hydrocarbons cf. Sendet^ens and Murat^ Annales, 1915 [ix], 
4,‘ 253. 

Esterification. — Sabatier and Maihle (C. E. 1911, 162, 494) 
have shown that TiOg is a good catalyst for the conversion of 
acids and alcohols into esters. The method is to allow a mix- 
ture of molecular proportions of the vapour of the two com- 
pounds to pass over a column of the dioxide kept at 290°-300°. 
The yield of ester is about 70 per cent, and the process is 
extremely rapid. A similar method may be used for hydro- 
lysing esters, e,g. allowing a mixture of the ester vapour with 
an excess of steam to pass over the dioxide at 280‘'“300°. 
Similar results are obtained with thorium oxide, provided 
aromatic acids are used, and glucinum oxide behaves similarly. 

Formation of Amines, Nitriles, Thiols. — Amines are formed 
when a mixture of an alcohol and ammonia is passed over 
thorium dioxide at 350"'-370'' (C. R. 1909, 148, 898; Bull. 
Soc. 1914 [iv], 16, 327); thiols (mercaptans) are formed when 
a mixture of alcohol and hydrogem sulphide is passed over the 
dioxide at 300^-360° (C. R. 1910, 160, 1217, 1569). The 
yields are especially good with primary alcohols, and even 
phenol gives a 17-per-cent yield of thiophenol at 430°~480®; 
and metallic sulphides, especially CdS, at 320°-330°, decompose 
thiols into alkyl sulphides and hydrogen sulphide. Nitriles 
are formed when aliphatic acids and ammonia are passed over 
AI2O3 or ThOg at 500° {Epps and Reid, J. A. C. S. 1916, 38, 
2158). They are also formed when secondary and tertiary 
aliphatic amines are passed over nickel at 350°-380° {Mailhe, 
C. R. 1917, 165, 557; 1918, 166, 996), hydrogen and un- 
saturated hydrocarbons being formed at the same time, or 
when esters and ammonia or aldehydes and ammonia are 
passed over ThOg at 420°-440° (ibid. 1918, 166, 121, 216). 
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Ketones. — Ketones can be prepared by the action of acid 
anhydrides or acids on thorium dioxide at 400°. Simple 
and mixed aliphatic ketones and mixed aromatic aliphatic 
ketones have been prepared, the mixed ketones by using mix- 
tures of two acids. Aromatic acids containing the carboxylic 
group attached to the benzene nucleus do not react unless 
mixed with an aliphatic acid, but acids of the type of phenyl- 
acetic do. The reaction probably consists in the formation 
of a salt and its subsequent decomposition into ketone, carbon 
dioxide, and water. {Senderens^ Annales, 1913, 28, 243; 
Pickard and Kenyon^ J. C. S. 1913, 103, 1923.) Calcium or 
barium carbonate at 450°-500° can also be used in the case 
of acetic acid. When mixed acid vapours are parsed over 
FcgOg at 470°-480°, ketones are formed, more particularly 
from acids of the type of phenylacetic and cinnamic acids 
{Mailhe^ Bull. Soc. 1914, 16, 324). Manganous oxide, MnO, 
also gives good results, e.g. 70 per cent yields. By this pro- 
cess adipic acid gives cyclopentanone (C. E. 1914, 158, 830, 
986). This oxide is of use for the preparation of acetone, 
as even dilute (20 per cent) solutions of acetic acid passed 
over MnO at 350° give theoretical yields of acetone (Sidgwick 
and Lambert, 1915). 

A mixture of an acid with an excess of formic acid passed 
over TiOg at 250°-300° yields the aldehyde, with the exception 
of acids of the benzoic type, and even better results are 
obtained with MnO {Sabatier and Mailhe, C. K. 1912, 154, 
561; 1914, 168, 985). 

Formic acid behaves somewhat differently from the other 
fatty acids {Sabatier and Maihle, C. K. 1911, 162, 1212). Finely- 
divided Pd, Pt, Ni, Cu, Cd, and ZnO or SnO decompose it 
into carbon dioxide and hydrogen. TiOg 'and WgOg yield 
water and carbon monoxide, and SiOg, ZrOg, AlgOg, &c., give 
both reactions. 

A study of the synthetical value of acetylene in the presence 
of finely-divided metallic oxides has been made by Tschitschi- 
babin (J. Euss. 1915, 47, 703). Acetylene and ammonia over 
heated AlgOo^, FegOg, or CrgOg at 300° yield pyridine bases, 
mainly a- and y-picofines (p. 568) and 2-methyl-3-ethylpyridihe, 
together with pyrrole and piperidine bases. Acetylene and 
hydrogen sulphide over AlgOg give thiophene, and the method 
is recommended as a commercial one. Similarly acetylene and 
water over AlgOg at 400°-425° yield furane. 

Iodine. — The use of small amounts of iodine as a catalyst in 
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the chlorination of acetic acid or the bromination of benzene 
(p. 380) has long been recognized. Knoeveitagel (J. pi*. 1914, 
89, 1) finds that small amounts of iodine accelerate many 
reactions and lead to the formation of purer products. This is 
especially noticeable in (a) the formation of thiodiarylamines 
from sulphur and diary lamine, the presence of 0*05 to 0*2 
per cent of iodine producing a marked effect ; {h) the condensa- 
tion of aromatic amines with naphthols or naphthylamines ; 
(c) the alkylation of primary aromatic amines, especially 
aniline and a-naphthy lamine, by the direct action of alcohols ; 
{d) the condensation of aromatic alcohols with ketones. Minute 
quantities of iodine are of value in obtaining unsaturated 
compounds b}^ heating hydroxy compounds, e.g. unsaturated 
hydrocarbons from alcohols, unsaturated ketones from ketonic 
alcohols, and unsaturated aldehydes from aldols. The reagent 
is also of value in condensing glycols to polyglycols {Hihhert, 
J. A. C. S. 1915, 37, 1748). 

Aluminium chloride. — In the FriedeUCrafts reaction (pp. 
370, 462) for the synthesis of aromatic hydrocarbons, ketones 
and di- and triphenyl-methane derivatives, aluminium chloride 
or an analogous metallic chloride is used as the condensing or 
catalytic agent. The amount of metallic chloride required 
varies considerably with the constitution of the reacting acid 
chloride and hydrocarbon. In some cases traces are sufficient, 
in others a molecular proportion or more is essential, in order 
to obtain good yields. Amounts less than a certain minimum 
produce very little effect. Aluminium chloride and analogous 
chlorides form well-defined additive compounds, not only with 
acyl chlorides but also with numerous other organic com- 
pounds (Menschutkin^ Abs. 1909,1, 897; 1911, i, 273, 532; 
1912, i, 100; ii,* 922; Perrier, B. 1900, 33, 815), and it is 
possible that the additive compounds are the reactive reagents 
{Boeseken, Abs. 1910, i, 152; 1911, i, 173), but often the 
reactive acyl or akyl halogen compounds are not those which 
readily yield additive compounds with metallic chlorides, and 
the effect of the latter appears to be to produce a loosening of 
the halogen in the organic compound (Bee. trav. 1913, 32, 1). 

T?he dynaihics of the reaction have been investigated. In 
the benzoylation of anisole in the presence of SnCl 4 or AlCl^ 
the velocity is proportional to the concentration of the catalyst 
(Zeit. phys. 1904, 48, 424). 

By a study of the reaction between p-bromobenzene-sul- 
phonyl chloride and benzene in the presence of AlClg, Olivik 
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(Rec. trav. 1914, 33 , 91) draws the following conclusions: — 
(1) The acyl chloride reacts solely in the form of the additive 
compound with AICI3. (2) One molecule of AlCl^ cannot 
transform more than one molecule of the acyl chloride. (3) 
The reaction is unimolecular with respect to the additive com- 
pound. (4) In the absence of excess of AICI3 the velocity 
constant is proportional to the concentration of the AICI3, 
when K is calculated for the compound CgH4Br«S02Cl, AICI3. 
(5) The velocity is greatly increased by an excess of AIOI3. 
These facts point to the conclusion that the acyl chloride is 
activated proportionally to the conceiitration of the combined 
AICI3 (cf. Ruhidge and Qua^ J. A. C. S. 1914, 36 , 732). 

Boeseken and others (A. 1913, ii, 575; 1914, i, 156) consic^er 
that the aluminium chloride also activates the aromatic 
hydrocarbon by disturbing its residual affinity. 

When antimony chloride is used an additive compound 
with the hydrocarbon is first formed, 2SbClg, C3H5R, 
which then reacts with the acyl chloride, e.g, benzoyl chloride, 
yielding an additive compound of the ketone and antimony 
chloride, which decomposes into its constituents at the tem- 
perature of the experiment; and the liberated SbClg can then 
react with fresh quantities of hydrocarbon (Menschutkin, Abs. 
1914, i, 188, 673). The total reaction appears to be bimole- 
cular when the hydrocarbon and acyl chloride are taken in 
molecular proportions and the velocity varies directly as the 
square of the concentration of the SbCl3. 


L. unSaturation , 

A. T3rpes of TJnsaturation. — Unsaturated compounds are 
usually defined as those which are capable of uniting with 
another substance (element or compound) without disruption 
of their original structure. Two main types of such com- 
pounds have been dealt with in the previous chapters. 

I. Cases in which the addenda unite with two different 
atoms of the original compound. Such are the compourWs 
supposed to contain double or triple linkings between C and 
C, C and 0, C and S, C and N, N and N, as seen in the 
groups of olefine and acetylene derivatives, carbonyl com- 
pounds, thiocarbonyl derivatives, nitriles and SchifFs bases, 
azo-compounds. 
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11. Cases in which the addenda unite with one and the 
same atom of the original compound, as in the conversion of 
amines into salts and quaternary ammonium compounds, the 
formation of oxonium salts from ethers, &c., and the formation 
of sulphonium salts from alkyl sulphides. 

The presence of such unsaturated groups as amino and 
hydroxyl, and also the alkylated groups, ‘NHR, •NRjj) ’OR, 
produce marked effects on the properties of the compounds 
into which they are introduced. In the aromatic series they 
render the compounds much more reactive towards reducing, 
oxidizing, and substituting reagents (cf. p. 434). When fur- 
ther substituents are introduced, e.g. Cl, Br, SOgH, NOg, &c., 
these almost invariably take the ortho and para positions 
with respect to the unsaturated group. These groups also 
tend to make the compound luminesce under the influence 
of electric discharges under small pressures. They are also 
the most powerful auxx)chromes known; i,e. when introduced 
into a compound containing chromophores, such as, -NiN, 
C:0, C:C, NOg, &c., they produce a deepening of the colour 
of the compound. 

In exahiples of the first type the question as to whether 
addition or not takes place depends upon a variety of factors. 
(1) Whether the double linking is between C and C, C and 0, 
C and N, or N and N. Thus although both olefines and 
carbonyl derivatives combine with hydrogen, the first group 
adds on bromine readily, whereas the second does not; and 
the second combines with hydrogen cyanide or sodium bi- 
sulphite more readily than the first group does. (2) The 
nature of the groups already attached to the two atoms which 
are united by the double linking. ' Thus although most olefine 
derivatives combine with bromine, compounds in which there 
are several negative groups, such as Ph, Br, CN, CO„H, 
already attached to the two carbon atoms, do not form addi- 
tive compounds with bromine {Hugo and Bauer ^ B. 37, 3317; 
H. Ley^ B. 1917, 50, 243), although they contain an olefine 
linking. On the other hand, olefine compounds containing 
two methyl groups attached to one of the two ethylene carbon 
a^6ms do not readily combine with hydrogen, but form addi- 
tive compounds with bromine, e.g. dimethyl -cinnamenc, 
CHPh:0Me2 or terpinolene (p. 611). (3) The nature of 

the addenda. It has been pointed out already (p. 46) that 
chlorine combines most readily and iodine least readily, but 
that hydrogen iodide combines more readily than hydrogen 
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chloride or bromide. (4) Conditions of the experiment, e.g, 
nature of solvent, sunlight, temperature, presence of a catalyst, 
&c. Phenyl-propiolic acid does not combine with hydrogen 
chloride when in aqueous solution below 80°. 

In addition to the additive reactions discussed in the pre- 
ceding chapters there are several others of considerable 
interest. One of these is the addition of alkali metals to 
double linkings (Schlenk and others, B. 1914, 47, 473). In 
ethereal solution many compounds containing the groupings 
C:C, C:N, N:N, combine with sodium, and the structure 
of the additive compounds is deduced from a study of the 
products formed by the action of water or carbon dioxide. 
Thus the sodium derivative of stilbene, CHPhiCHPh, yields 
5-diphenylethane with water and .s-diphenyl succinic acid witfi 
carbon dioxide. In a similar manner the acid, COgH-NPh 
• NPh*CO^H, can be prepared from azobenzene. 

Ethyl diazoacetate also combines with certain olefines (cf. 
p. 620) and results in the elimination of nitrogen and the 
formation of an ester derived from cyclopropane. 

It is highly probable that the reaction between alkyl halides 
or acyl chlorides and the sodium derivative of ethyl aceto- 
acetate is of an additive character (pp. 236-237) {Michael, 
J. pr. 1899, 60, 295; Nef, A. 1899, 266, 52; 1893, 276, 235; 
1894, 280, 314). 

CHg.CXONa) : CH-COgEt + Mel — CH3.CI(0Na).CHMe.C02Et 
— CHg-CXl-CHMe-COgEt + Nal. 

In a similar manner the condensation of the esters of 
unsaturated esters with tlje sodium derivative of ethyl 
malonate, ethylacetoacetate, or ethyl cyanoacetate is also 
additive {MichaeVs reaction). The unsaturated compound 
should contain a positive group attached to one ethylenoid 
C atom, and a strongly negative group, e.g. COoH, CN, to the 
other. Then the sodium always adds on to the latter carbon 
atom, and the CH(COoEt)2 or CHg • CO • CH(C02Et) to the 

former. The esters of fumaric, maleic, aconitic, crotonic, 
citraconic, itaconic, acetylenedicarboxylic, and phenylpropioliC 
acids and benzylideneacetone, all react in a similar manner but 
at different rates {Auwers, B. 1895, 28, 1131; A. 1896, 292, 
147). Tlie reaction is of considerable value for synthesizing 
poly basic acids, e.g. 2-phenylpropane-l:l:3-tricarboxylic acid 
can be obtained from ethyl cinnamate and ethyl sodiomalonate. 
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and from benzylidene-acetone and ethyl sodiomalonate the addi- 
tive compound, CgHg • CH<^Qy which readily 

loses alcohol, giving CgH^ » ethyl 

phenyldihydroresorcilate. A modilcation of the reaction 
consists of using the free malonic, aceto-acetic, or cyano-acetic 
ester in the presence of a little diethylamine (Kiwevenagel, B, 
1904, 37, 4464). The sodium salts of the unsaturated acids 
can sometimes be used instead of the esters {Reinickey A. 1905, 
341, 80). 

Hydrogen cyanide, sodium bisulphite, and other compounds 
can react with olefine compound containing a C:0 union in 
conjugation, e,g, benzylidene-malonic ester, • CH : C(C02Et)2 

and HCN give CeH5.CH(CN).CH(C02Et)2 {Lapworthy J. 0. S. 
1903, 995 i 1904, 1206 j 1906, 946). 

Nitromethane combines with olefine compounds. With 
unsaturated esters addition takes place in dry methyl alcohol 
containing sodium methoxide. H adds on to the C atom 
to which the C 02 Et group is attached, and •CH 2 *N 02 to the 
adjacent? C atom; thus the methyl ester of benzylidene 
malonic acid: 

CHPh:CXC02Me)2 — N02-CH2-CHPh.CH(C02Me)2 
with an unsaturated ketone, e.g, phenyl styryl ketone: 

CHPh:CH.CO-Ph -i. NOg.CHg-CHPh.CHg-COPh. 

{Kohlery J. A. C. S. 1916, 38, 889; 1919, 41, 764.) 

Addition to the carbonyl of hydrogen, hydrogen cyanide, 
alcohol, sodium bisulphite, Grignard reagents, &c., has already 
been discussed under aldehydes and ketones. Different car- 
bonyl compounds react at A^ery different rates, and the follow- 
ing is the order of relative reactivity : 

.CO-CHg, .CO*C:C, -CO-OR, .CD-NHg, -CO-OH. 

Compare also Goldschmidty B. 1896, 29, 105. 

In the case of a series of ketpnes the introduction of negative 
groups, e,g, C 0 . 2 Et, increases the reactivity of a ketone, whereas 
ulkyl groups lessen the reactivity of the CO group toAvards 
sodium bisulphite (Stewarty J. C. S. 1905, 87, 186; Petrenko- 
KritschenkOy A. 1905, 341, 160). For additions to a-./S un- 
saturated ketones cf. VorlandeVy ibid. p. 9. 

bait Formation in Case of Cyclic Oxygen Compounds. — 

This has been studied in the case of pyrones and similar 



COLOUR TEST FOR UNSATURATION 


759 


compounds {B. W. Ghoshy J. C. S. 1915, 107 , 1588) by means 
of perchloric acid. Many ring compounds containing one or 
two atoms of o^gen do not form oxonium salts with perchloric 

acid, e.g. 0 <(ch 2 .CH 2 /’^^ 2 ’ 

spending compounds condensed with a benzene nucleus. The 
introduction of olefine linkings, the replacement of CHg by 
CO, or an accumulation of benzene nuclei increase the basic 
properties of the oxygen and facilitate salt formation. 

Molecular Compounds. — Analogous to the unstable oxonium 
salts are the additive compounds formed by the union of 
aromatic compounds, more particularly amines, phenols, and 
phenolic ethers with quinones and aromatic nitro-compounds 
of the type of 5-trinitrobenzene, polynitronaphthalenes, and 
even m-dinitrobenzene. Many of these compounds are highly 
coloured, and since the more complex aromatic hydrocarbons 
also combine with quinones and nitro derivatives, it is highly 
probable that the union is the result of the neutralization of 
the residual valency of the aromatic nuclei by that of the 
nitro groups. (J. C. S. 1916, 109 , 1339; A. 1914, 404 , i; 
1916, 412 , 253.) 

Colour Test for XTnsaturation. — Tetranitromethane (p. 100) 
has been used as a reagent for testing for unsaturation. All 
olefine compounds, with the exception of a few unsaturated 
acids, give a yellow coloration with the reagent, as do most 
aromatic compounds with the exception of nitro derivatives. 
Substances containing bivalent sulphur or tervalent nitrogen 
also give colorations, and generally there appears to be a 
relationship between the amount of residual affinity and 
the depth of colour. A conclusion which has been confirmed 
by a study of the absorption spectra of tetraflitromethane, or 
alkyl nitrites with various heterocyclic compounds containing 
0, S, or N in the nucleus. 

The retarding effects of certain substituents on formation of 
additive compounds has sometimes been attributed to “ steric 
hindrance (pp. 181, 475), and this may be a contributing 
factor, but undoubtedly the addition is affected to a very 
large extent by the positive or negative nature of thte 
addenda and of the atoms at which the addition occurs. 
Michael (J. pr. 1889, 60, 286, 410; B. 1906, 39, 2138) has 
elaborated a theory based on the question of positive and 
negative polarity, and the principle of maximum chemical 
neutralization. 
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It is highly probable that many reactions which are regarded 
as simple substitutions are preceded by the formation of addi- 
tive compounds, the so-called Kekule molecule. 

B. Properties of Unsaturated Acids as affected by the 
position of the Doable Bond. — Acids which contain a double 
bond in the afi position differ in many respects from isomeric 
acids in which this bond is further removed from the car- 
boxylic group. 

The ap unsaturated acids are reduced much more readily 
than their isomerides by sodium amalgam and water. This 
is somewhat remarkable, since in the case of other additive 
reactions, for example, the addition of bromine, the un- 
saturated acids are less reactive, Le, do not combine with 
feromine so readily as /3y unsaturated acids or other acids 
in which the double bond is far removed from the carboxyl 
group {Sudhorough and Thomas, J. C. S. 1910, 715, 2450; 
Ponzio and Gastaldi, G. 1912, 42, ii, 92). The readiness with 
which a/3 unsaturated acids can be reduced may perhaps be 
accounted for by the presence of the conjugated double bonds 
(cf. p. 763)— 

R.CH:CH.C:6 + 2H K-CHa-CHrC-OH --- R-CHgCHg-CrO 
OH OH OH 

1 : 4 addition takes place, but the resulting unsaturated glycol 
is unstable and, by a wandering of an atom of hydrogen, yields 
the saturated acid. 

J. Bougault (C. R 1905, i. 9) shows that unsaturated 
acids combine with the elementc of hypoiodous acid (HIO), 
yielding lactones, whereas the isomeric acids do not. This 
provides the basis of a method for separating a mixture of an 
a/3 and fiy unsaturated acid. 

One of the best methods of separating a mixture of ap and 
/8y unsaturated acids is due to Fittig (B. 1894, 27, 2667 ; A. 
1894, 283, 51), and consists in heating the acids for a few 
minutes at 140® with a mixture of equal volumes of concen- 
toted sulphuric acid and water. The ajS acid is unaffected 
by this treatment, whereas the Py acid is converted into a 
y-lactone (p. 225) which is insoluble in sodium carbonate 
solution. 

/CH OH 

(CH,),C:CH.CH,-CO.OH — (CH3)2C!<^^ 
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When this method is used, only the ajS acid can be re- 
covered. A method by means of which both acids can be 
recovered is the separation by fractional esterification, as an 
acid is esterified much less readily than isomeric unsatu- 
rated acids (Sudborough and Thomas^ J. C. S. 1911, 2307). 

One of the best methods for determining the position of the 
double bond in the case of an olefine acid is by an examination 
of the oxidation products (p. 168). These consist, as a rule, 
of a mixture of a monobasic and a dibasic acid, as the carbon 
atoms between which the olefine bond functionated both yield 
carboxylic groups; e,g, E-CHiCH-CH.^-COgH gives R-COgH 
and COgH-CHg-CO.^H. Cf. also Oleic acid, p. 171. 

Dimethylacrylic acid, (CH 3 ) 2 C : CH • COgH, when oxidized 
yields acetone, (CH 3 ) 2 CO, and oxalic acid or its oxidation 
product carbonic acid. 

The conversion into ozonides and the decomposition of these 
(p. 671) is also used for the determination of the position of 
the double linking. 

Another method adopted for determining the position of an 
olefine bond is by an examination of the hydrobromide. If 
the bond is in the position the bromo-derivative of the 
saturated acid loses hydrogen bromide when treated with 
alkali and yields the original olefine acid. 

CHa-CHrCH.COgH CHg-CHBr.CHj-COgn 
Crotonic acid /3-Bromobutyric acid 

-H- CH3.CH:CH.CX)2H. 

Crotonic acid. 

A Py or 76 unsaturated acid also yields a hydrobromide, 
but when this is treated with alkalis hydrogen bromide is 
eliminated and a lactone formed. 


CH^.CHrCH-CHo.COoH CHo.CHBr-CH«.CHo.CO-OH 


CH3.CH<^| 


CHg-CHa 

.0 CX) ‘ 


The presence of olefine linkings, as in maleic anhydride, in- 
creases to an appreciable extent the readiness with which tjje 
anhydride combines with water IRivett and SidgwicL J. C. S. 
1910, 1677). 

An extremely simple method of determining whether the 
double bond is in the a/? position or not, is by an examination 
of the rate of esterification of the unsaturated acid and of 
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its saturated analogue by the catalytic method. If the un- 
saturated acid has a much lower rate of esterification than its 
reduction product, the conclusion may be safely drawn that 
the double bond is in the position, as I3y unsatiirated 
acids are esterified somewhat more quickly than their satu- 
rated analogues, and acids in which the double bond is still 
further removed from the carboxyl group have much the 
same esterification constants as the corresponding saturated 
acids {Sudhoi'ough and Gittins). 

A method for determining the position of the olefine linking 
in the case of an unsaturated cyclic hydrocarbon has been 
worked out by Auwers and Treppmann (B. 1915, 48, 1207, 
1377). yThe hydrocarbon formed by the elimination of water 
from phenylcyclohexyl carbinol (I) should have the structure 
represented by (II), but as it is also formed by eliminating 
water from 1-benzylcyclohexan-l-ol (III) it may have the 
structure (IV) : 

(I) (11) 

OH*CHPh.CH<gH’;gH«>CH,. CHPh :C<gH=:gg;>OH,. 

(Ill) (IV) 

CH,Ph.C(OH)<CH^;,gg>CH,. CH,Ph.C<gg;CH.^CH^ 

By the addition of nitrosyl chloride the Cl attaches itself to 
the tertiary carbon atom and the NO to the CH group, which 
becomes transformed into -ClN-OH group, and this on 
hydrolysis to CO; the final products would therefore be 
either benzoylcyclohexane (V) from (II), or 1-benzylcyclo- 
hexan-2-one (VI) from (IV): 

(Y) (VI) 

C,H..CO.CH<gg;gH;>CH,. O.H..CH,.CH<gO;gH;>CH. 

The actual product isolated was not the known bcnzoylcyclo- 
hexane, and hence was presumably l-benzyl-cyclohexan-2-one 
and the original hydrocarbon lybenzyl-A'cyclohexene (II). 

For the stereochemistry of compounds containing only one 
ethylene linking, cf. p. 251. When two or more olefine bonds 
are present in the molecule, the isomerism is more complex. 
Not merely can we have structural isomerides, which difier in 
the relative positions of the olefine linkings, but also the 
number of stereoisomerides increases. 

For compounds of type. Cab :C: Cab, see p. 67 
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C. Compounds with Conjugate Double Bonds. — One of tlie 
most interesting groups containing two double linkings are the 
compounds with conjugate double bonds. Within recent years 
numerous experiments have been made with compounds con- 
taining two double bonds in the relative positions indicated by 
the formula — 

R.CH;CH.CH:CH.R. 

These have been termed conjugated double bonds by Thiele^ 
and extremely interesting results have been obtained by the 
study of the additive reactions of such compounds. It is 
found that the atoms or radicals added on do not, as a rule, 
become attached to the carbon atoms 1 and 2 or 3 and 4, 
but to numbers 1 and 4; so that a new ethylene linkage m 
created in position 2 : 3. Thus cinnamylideneacetic and cinna- 
mylidenemalonic acids when reduced yield 1 : 4-dihydro-deriva- 
tives {Ruhei\ B. 1904, 37, 3120) — 

CaH6-CH:CH*CH:CH-C02H + 2H 

CeHfi.CH^-CHrCH.CHa-COgH 

and 

CoHe . CH : CH . CH : C(CO.B)a + 2 H 

— CeH5.CHa.CH;CH.CH(C02H)2. 


Sorbic acid (p. 172) yields CBL.CHg.CHrCH.CHg.COgH; 
similarly butadiene, CHyiCH-CEfrCBL, reacts with bromine, 
yielding 1 : 4-dibromo-A’ = ®-butene, CHgBr • QH : CH • CHgBi'. 
Similar results have been obtained when the double bonds 
are between carbon and oxygen; thus benzil. 


0;C(CeH-,).qCeH5):0, 

when reduced under special conditions yields OH'C(CgH 5 ): 
C(C^H 5 )' 0 H a^-dihydroxy-stilbene. 

That additions do not always take place in the 1 : 4-positions 
is shown by the following examples: Methyl cinnamylidene- 
malonate adds on bromine in the 3 : 4-positions and yields 
C5H5*CHBr*CHBr-CH:C(C02‘Me)2 {Henrichsen and Triepel, 
A. 1904, 336, 223). The addition of potassium hydrogen sul- 
phite to cinnamylidenemalonic acid occurs in the 1 : 2-position, 
and the product is — 


CeH 6 .CH:CH.CH(S 03 K).CH(C 02 H )2 


{Kohler, Am. 1904, 31, 243); similarly with hydrogen cyanide. 
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Unsaturated aldoximes and ketoximes when reduced yield un- 
saturated amines, indicating that the addition of hydrogen — 

E.CH:OH.CH:N.OH + 4H 

— E-CH-.CH.CHg.NHa+HaO 

occurs in the 1 : 2-position {Harries, A. 1903, 330 , 193); a/3 
unsaturated ketones also add on sulphinic acids in the 1:2 
(carbonyl) position (Am. 1904, 31 , 163). s-Diphenylbuta- 
diene, CHPH : CH • CH : CHPh, also adds on bromine in the 
1 : 2-position. 

Thiele (A. 1889, 306 , 87) has attempted to account for the 
characteristic l:4-addition of most of the compounds with 
conjugated double bonds by his theory of partial valencies. 

It is supposed that when two atoms are united by a double 
bond the whole of the energy of the atoms is not used up, but 
that there is a slight residual affinity or partial valency which 
Thiele denotes by dotted lines, e.g . ; 

ECHiOHE. 

He considers the power of forming additive compounds is due 
to the presence of such partial valencies. 

Now in a system with two double bonds in positions 1 : 2 
and 3:4 there are four partial valencies, and according to 
Thiele two of these, viz. 2 and 3, are supposed to have neu- 
tralized one another and only 1 and 4 are active. This is 
usually represented by the formula — 

E.CH:(^CH;CH.E, 

and hence the usual l:4-addition with compounds containing 
conjugated double bonds. Thiele^ s theory does not account for 
the numerous exceptions mentioned above. 

Probably it is simpler to regard the compound as containing 
4 residual valencies in the 1, 2, 3, 4 positions, and to conclude 
that the question as to which of these will be used up in the 
fvirmation of an additive compound depends largely on the 
nature of the addenda and the nature of the groups already 
attached to the atoms numbered 1, 2, 3, and 4. 

The reaction between compounds with conjugated double 
bonds and Grignard’s reagents consists in many cases of 1:4- 
addition. See Kohler (Am. 1904, 81 , 642; 1905, 33 , 21, 35, 
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153, 333; 34 , 568; 1906, 35 , 386; 36 , 177, 529; 1907, 37 , 
369; 38 , 511; 1910, 43 , 412, 475). 

Compounds containing two pairs of double linkings which 
are not conjugated frequently undergo molecular rearrange- 
ment, under suitable conditions yielding isomeric products 
with conjugate linkings. A simple example of this is met 
with in the conversion of unsaturated acids into a/3- un- 
saturated acids under the influence of alkalis (p. 168) — 

E-CH:CH.CH2-C(0H):0 — K-CH2-CH:CH.C(0H):0. 

Another example is the conversion of aromatic compounds 
containing the • CHg -011:0112 into the isomerides containing 
the -OH: OH -0113 group, e.g. eugenol (p. 433) into isoeugenol; 
in this process the 0:0 of the side chain becomes cbnjugat^ 
with an olefine linking of the benzene nucleus. 

According to Robinson (J. 0. S. 1916, 109, 1038) an olefine 
linking can form a conjugate system with a tervalent nitrogen 
atom; thus in the addition of methyl iodide to ethyl diethyl- 
amino-crotonate, addition occurs at the ends of the conjugate 
system ; 

:NEt2-CMe:CH.C02Et + EtI -h. INEt2:CMe.CHEt-C02Et 

as on hydrolysis diethylamine hydriodide and ethyl a-acetyl- 
propionate are formed, INHgEto + O:0me-0HEt-0O2Et. 

It is highly probable that a bivalent oxygen atom can also 
form a conjugate system with an olefine linking, and the 
reaction of methyl iodide with the sodium derivative of ethyl 
acetoacetate may be regarded as an addition to the conjugate 
system : 

lONa.CMe-.CH.COaEt + Mel I0(Na):CMe-CHEt-C02Et 
0:CMe.CHEfc.C02Et. • 


An interesting example is the conversion of l-benzylidene-2- 
methyl-tetrahydroisoquinoline into the methiodide of 1-benzyl- 
3: 4-dihydro-isoquinoline : 




HI 


p „ ^c(OH2Ph; 
^6"4<vCHo.CH. 


NMel. 


D. Olutaconic Acids. — Glutaconic acid, propene-1 
dicarboxylic acid, C02H-CH:CH-CH2-C02H, exists in only 
one modification, and not in cis- and trans- isomerides. 

It has been proved that the 1 and 3 methyl glutaconic acids 
are identical; also, the 1-methy 1-3-ethyl acid is identical with 
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the 3-methyl- 1 -ethyl acid, and the l:2-dimethyl acid identical 
with the 2:3-dimethyl acid. This latter conclusion was arrived 
at by hydrolysing the following esters, CO.,Et*CMe(CN) 
. C Me : CH . COgEt and CO^Et . CH(CN) . CMe : CMe . COgEt, 
and obtaining the same dimethylglutaconic acid from both. 
These results point to a symmetrical formula for glutaconic 
acid and its alkyl derivatives, either COgH • CH • CHg • CH • COgK 

with two free valencies symmetrically placed, or 
CO2H-CH-CH.CH.CO2H 


with a wandering hydrogen atom. Thm'pe^s researches point 
to the former conclusion. By the action of acetyl chloride on 
T-methyl-glutaconic acid a hydroxy anhydride is formed which 
has the properties of a monobasic acid, and which can be 
hydrolysed by strong potassium hydroxide to a labile acid, 
m.-pt. 118°, which is converted by boiling with hydrochloric 
acid into the stable acid, m.-pt. 146°. This acid is also formed 
when the lactone is hydrolysed with water or dilute alkali. 
The labile acid is represented as a true olefinic acid with the 
cis structure, and all attempts to prepare the corresponding 
irans acid lead to the formation of the normal acid, to which 
is given the 5-formula with free valencies. In the case of 
l-benzyl-2-methylglutaconic acid the labile form isolated has 
the trans configuration, and so far the corresponding cis acid 
has not been prepared. The normal acid melts at 148° and 
the trans labile acid at 134°. The 3:3-dialkylated glutaconic 
acids, e,g. the dimethyl acid, COnH • CH:CH • CMe^ • COgH, 
exist in the usual ds and irans iforms, and exhibit no form 
analogous to the normal glutaconic acid. By the action of 
phosphorus pentachloride on monoalkylated glutaconic acids 
anhydrides of the type (I) are formed, but when these are 
distilled they yield the hydroxyanhydrides (II) : 


(I) CH<gg®:g>a (II) CH<gMe 


XCH:C(OH)/"^* 


Aconitic acid (n. 271), C02H.CH:C(C02H).CHg.C0gH, 
may be regarded as a glutaconic acid substituted in 
position 2, and as such exists in the normal form 

C 02 H.CH.CH(C 0 gH).CH.C 02 H, which is the ordinary acid 

• • 

melting at 191°, and a labile cis form corresponding with the 
ethylenic formula and melting at 173°. The ordinary acid 
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(m.-pt. 191®) with pure acetyl chloride yields the hydroxy 
anhydride (III), but with inmure acetyl chloride or phosphorus 
trichloride the anhydride (IV) is obtained: 

COnH.CHrC.CHiaOH) OOoH.CH.CH.CH.CX) 

(III) I I (IV) I I 

CO — 0 CO 0 

and it is the hydroxy anhydride (III) which yields the labile 
acid (m.-pt. 173°) when treated with strong alkali. The 
ordinary acid is formed by boiling the labile acid with dilute 
hydrochloric acid. 

The cis configuration of the labile acid in the case of 1:3- 
dimethyl-glutaconic acid has been proved by its reduction to 
ct5-dimethyl-glutaric acid under conditions which do ndt favour 
intramolecular change. In the case of l-methyl-2-phenyl- 
glutaconic acid three isomers have been isolated corresponding 
with the normal, cis and trans configurations, and their mutusd 
relationships are represented in the following scheme: 

Hyd roxy anhydride 

Alkali and I i Acetyl 
casein y | chloride 

CM- labile acid 
I Naon 

^rarw- labile acid 

The esters of all the normal acids fail to condense with 
ethyl sodiocyanoacetate, whipreas the esters of the labile acid 
can take part in such condensations. Simjlarly the labile 
esters can be alkylated by means of sodium ethoxide and 
alkyl iodides, but the esters of the normal acids cannot. Such 
reactions can be used for deducing the structure of isomers. 

The labile esters and acids readily yield 1:2 addition 
products with bromine ; the normal esters, on the other hand, 
do not appear to add on bromine in this manner, and no direct 
evidence of the 1:3 addition of bromine to the normal acids 
has so far been obtained. When, however, the condensation 
of ethyl 2-methylglutaconate with the sodium derivative of 
ethyl cyanoacetate is studied it is found that the cis labile 
ester gives an 80-per-cent yield of the normal condensation 
product (1:2 addition), cf. p. 757, and, under certain conditions,, 
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the normal ester gives a 6 per cent of a 1:3 addition product: 

C02Et:CH.CHMe-CH.C02Et + CN-CHa-COgEt 

COaEt . CHj . CHMe • CHCOOgEt) • CH(CN)C02Et, 

which on hydrolysis yields 2-methylbutane-l:3:4-tricarboxylic 
acid, which can be synthesized by other methods. Although 
the yield of condensation product is small its formation is 
regarded as strong support for the symmetrical structure 
of the normal ester with free valencies in the 1:3 positions. 

In the study of glutaconic acids it has been found that 
esters of the type C 0 oEt*CR:CH*CR'(C 02 Et )2 readily react 
with cold sodium ethoxide eliminating ethyl carbonate, 
QO(OEt'^, and forming substituted glutaconic esters, 
COgEt • CR : CH • CHR' • COgEt, which can exist in the 
ethenoid form and in the normal form. This elimination 
of COgEt of the ester with EtO of ethyl alcohol in the form 
of ethyl carbonate is characteristic of compounds which them- 
selves cannot react as tautomers, but can as soon as the CO.,Et 
group is replaced by hydrogen, and a similar mobility holds 
good for the COgEt group in compound of the types : 

CeH 4 <^^>CH and CgH 4 < 3 H*>C-CE(CN)COi,Et 
CN.CR-CX)8Et. 

J. F. Thorpe and others, J. C. S. 1913, 103, 276, 1572; 1919, 
115, 143, 679. 

E. Compounds of Di- and Trivalent Carbon. — Carbon 
monoxide may be written either as C:0 or C j O. In the 
first formula both carbon and oxygen atoms are represented 
as being divalent, and in the latter formula both are tetra- 
valent. It has been argued that the formula C:0 is prob- 
ably the correct one, as when the monoxide forms additive 
compounds the two addenda become attached to carbon 
and not one to carbon and one to oxygen. Thus with 

chlorine we get carbonyl chloride, 0:C<;^Qj, the constitution of 

which is determined by the fact that it reacts with alcohol, 
forming ethyl chloro-carbonate and finally ethyl carbonate, 
0:C(0Et)o. With sodium hydroxide carbon monoxide gives 
rise to sodium formate: 

0:C+Na0H = 0:C<,^T^, 
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and with hydrogen chloride it yields the unstable formyl 

chloride, Although vapour-density determinations 

indicate that in a mixture of the two gases very little com- 
bination has taken place, yet Gatterman's synthesis of acid 
chlorides, by the action of a mixture of carbon monoxide and 
hydrogen chloride on aromatic compounds in the presence 
of aluminium chloride, proves that a small amount of an addi- 
tive compound exists, and that its structural formula is the 
one represented above. 

Carbylamines. — On p. 107 the conclusion has been drawn 
that in the carbylamines (alkyl isocyanides) the alkyl group 
must be attachea to nitrogen and not to carbon, and therefore 
they are to be represented as R • N : G or R • N : C. ' In the 
latter formula the carbon atom is represented as being di- 
valent, and the arguments used in support of this formula are 
similar to those used in the case of carbon monoxide, viz. the 
two addenda invariably unite with the carbon atom and not 
one with carbon and one with nitrogen. The following ex- 
amples can be given: — (a) with chlorine: RNtCClg; (6) with 

acyl chlorides: R • N : ; (c) with hydrogen sulphide 

R.NrCH.SH = R.NH.CH:S (an alkylated thioformamide) ; 
{(i) with oxygen: R*N:C:0, alkyl isocyanates; (e) with sul- 
phur: R*N:G:S, mustard oils; (/) with Ghignwrd reagents: 



an imino-derivative which is hydrolysed to an aldehyde, 
0:CH*R; (< 7 ) with ethyl hyj)ochlorite. Cf. Nef, A. 287 , 273. 

Metallic Cyanides. — Both nitriles and carbylamines are 
alkyl derivatives of hydrogen cyanide, and can be obtained 
by the action of alkyl iodides or potassium alkyl sulphates on 
different metallic cyanides, e.g. potassium cyanide and ethyl 
iodide yield ethyl cyanide, whereas the same iodide with 
silver cyanide yields mainly ethyl carbylamine. Although 
two series of alkyl derivatives exist, only one hydrogen 
cyanide is known. Certain of its reactions point to the nitrile 
structure H-CJN, and others to the carbylamine formiila 
H*N:C; it is a typical tautomeric substance. The view gener- 
ally held with regard to the metallic cyanides is that they 
have a carbylamine structure. The arguments used are briefly 
as follows: — (1) The similarity between the additive reactions 

(B480) 26 
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of metallic cyanides and those of carbylamiiies (a) with bromine 
potassium cyanide yields potassium bromide and cyanogen 
bromide; although an additive compound cannot be isolated, 
the reaction is in complete harmony with the view that an 


unstable compound, ^ 

K.N,C<», 


is formed which breaks up into KBr and NjC-Br; (6; po- 
tassium cyanide and benzoyl chloride yield benzoyl cyanide, 
but here again an additive compound, 
K'*N:CCl-COC^Hg, is probably first formed; (c) potassium 
cyanide combines with oxygen and sulphur in much the same 
manner as the carbylamines ; (d) with ethyl hypochlorite a 
compound, HN : C(OEt) • CN, ethyl cyanoAmim-carhanate^ is 
formed. The reaction can be represented as follows: — 

K.N:C — K‘N:CC1.0Et^K-N:q0Et)-CCI:NK 

— KCl +K-N:qOEt).CN. 

(2) Both alkyl carbylamines and alkali cyanides dissolve 
silver cyanide yielding double salts, whereas alkyl cyanides 
do not.^ (3) Tetramethylammonium cyanide, which probably 
has a constitution similar to that of the metallic cyanides, 
yields triraethylamiue and methylcarbylamine when heated. 
This last argument by itself is of but little value, as a com- 
paratively high temperature is required and molecular re- 
arrangements could occur. 

Reactions of Metallic Cyanides. Formation of Nitriles 
and Carbylamines. The following reactions occur: — 


Potassium cyanide 


R’COCl 


alkyl cyanides, R'C:N 
acyl' cyan ides, R • CO • C • N. 


Silver cyanide 


RI 

— alkyl carbylamines, R • N : C 
— ► acyl cyanides, R^CO-CiN. 
R-COCl 


The reactions cannot be due to the tautomerism of silver 
cyanide, as no cases are knoM^n where a heavy atom like 
sijyer can wandei. The view that carbylamines are first 
formed by simple exchange in all cases, and then in three of 
the four reactions the carbylamine becomes transformed into 
a nitrile, is untenable, as carbylamines cannot be transformed 
into nitriles. The reverse process is also improbable, as car- 
bylamines are formed from nitriles at high temperatures only. 
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The views of Nef (A. 287 , 274) as modified by Wade (J. C. S. 
1902, 1596) are that in all four cases additive compounds are 
first formed. When the metallic radical in the cyanide is 
feebly positive, then feebly positive alkyl compounds combine 
with N, but negative acyl derivatives combine with C. With 
a strongly positive metallic atom in the cyanide, e,g. KCN, 
both alkyl and acyl derivatives combine with N. Thus with 
AgNC and EtI we have addition to N. Similarly with EtNC 
and EtI; but with AgNC and AcCl, and EtNC and AcCl, 
we have addition to C. With KNC and EtI and also with 
KCN and AcCl the addition is to C. 

KI + N;CEt 
AgI + Et.N:C 
AgCl + N:C.Ac. 

It may appear remarkable that in reaction 2 the alkyl 
iodide adds on to the nitrogen atom and leaves the carbon 
divalent, Nef assumed that the conversion of the silver salt 
into carbylamine was an example of direct displacement, but 
Wade proves that dry silver cyanide is able to absorb methyl 
iodide at its boiling-point, yielding a viscid mass which evolves 
methylcarbylamine when more strongly heated. The consti- 
tution of this additive compound is based on a study of the 
products from alkyl iodides and alkylcarbylamines; when 
hydrolysed these compounds yield small amounts of secondary 
amines, and hence, according to Wade, must be represented as : 

and similar formulse are given to the products from 

silver cyanide and alkyl iodides. 

Hartley (J. C. S., 1916, 109, 1296) represents the salts as 
bimolecular, as the first product of addition is (AgCN) 9 CH 3 l, 
followed at a higher temperature by (AgCN, CHgl).^. The for- 
mulae of the metallic cyanides are written as K«N:C:NAg:C 

and AgN : C : N Ag : C. With raethyl iodide addition takes place 
( 1 ) 

at the N atom (1), yielding ^ 

Ag.N:C:NAg:C 

6h^i 

which decomposes into AgNC and ^^^N(CH 3 ):C, and the 
latter gives Agl + CH.{*N:C. ^ 


K.N:C + EtI — . — 

Ag.N:C + EtI 

Ag.N:C + AcCl — Ag.N:C<'^‘^ — 
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Sidgwick (P. 1905, 120) concludes that in all cases addition 
takes place at the carbon atom: 

M.N:0<f, 

where M represents either K or Ag. Such a compound con- 
tains the grouping: 

«N:0<J 

characteristic of the oximes of aldehydes and of unsymmetri- 
cal ketones (cf. pp. 137, 428), and can therefore exist in synr 
and aw/t-configurations. Potassium cyanide is supposed to 
yield the, 5y7i-compound : 

R.C-I 

N.K, 

which readily loses potassium iodide, as both metal and halo- 
gen are on the same side of the molecule, and thus yields 
a nitrile. Silver cyanide, on the other hand, yields the anti- 
compound : 

R.C.I 

Ag.N. 


Silver iodide is not readily split off, as the metal and halogen 
are now on different sides of the molecule. It therefore 
undergoes the Beckmam, transformation (p. 429), yielding: 

Ag.C-I 
R.N ’ 

which loses silver iodide and forms C:N*E, an alkyl carbyl- 
amine. 

Although the metallic cyanides are usually represented 
by a carbylamine structure, it does not follow that hydrogen 
cyanide is to be represented in a similar manner. Ar^ments 
based on a study of its physical and chemical properties have 
been brought forward; some point to the one, and others to 
the alternative formula, but prdbably, on the whole, the pro- 
p^Hies are more m harmony with the nitrile structure, H - G'N. 
It is possible that it may be, like the tautomeric substance, 
ethyl acetoacetate, a mixture of the two compounds but mainly 
nitrile. (For summary see Sidgwick^ “ The Organic Chemistry 
of Nitrogen”, p. 209.) 

Fulminic acid, C:N*OH, is known chiefly in the form of its 
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silver and mercury salts. The latter was first prepared in 
1800 Hmardy by the action of alcohol and nitric acid on 
mercunc nitrate, ft crystallizes in lustrous prisms, explodes 
with great violence when heated or struck, and is largely used 
in the manufacture of percussion caps, dynamite cartridges, 
&c. Ill 1824 Gay-Lussac and Liebig showed that the silver 
salt had the same percentage composition as silver cyanate, 
and thus afforded one of the first examples of isomerism. 
They also showed that double salts, e,g. KAg(CNO) 2 , could 
bo obtained. Various formulae have been proposed. KekuU 
suggested the formula N02*CH2*CN, nitroacetonitrile; Holle- 
mann suggested a glyoxime peroxide formula, 

CH CH 

N.O.O.N ' 

and Steiner in 1883 the formula 0H*N:0:C:N*0H, di-iso- 
nitroso ethylene. It will be noticed that all these formulae 
represented the molecule as containing two carbon atoms. 
The reasons for this were: (1) It is obtained from ethyl alcohol. 
(2) With bromine or iodine it yields ethane derivatives. (3) As 
it forms double salts the acid was thought to be dibasic. 
Various arguments were brought forward in favour of and 
against the first two formulae, but the question has been 
definitely decided by the preparation of nitroacetonitrile 
{Stdnkopf and Bohrmann, B. 41, 1044) and of glyoxime per- 
oxide {Jovitschitschy A. 347, 233), and showing that they 
differ from fulminic acid. The main argument in favour of 
Steiner^s formula is that fulminates yield hydroxylamine when 
treated with concentrated hydrochloric acid, just as K Meyer 
had previously shown that* oximes do. Steiner was able to 
prove that the whole of the nitrogen can be* removed in this 
way in the form of hydroxylamine, and also that formic acid 
is the second product: 

GjHjOjN, -f- 4HjO 2H2CJOa + 2 NH 2 OH. 

Such a reaction proved ^Kehd^s formula could not be 
correct. 

In 1894 Nef (A. 280, 303) suggested the simple formula 
C:N*OH, now generally accepted, which represents the acid 
as the oxime of carbon monoxide. The following arguments 
were adduced: (1) By the action of one equivalent of hvdrogen 
chloride on one of the silver salt, no trace of silver chloride is 
formed, but an additive product, which was shown to be the 
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chloride of formhydroxamic acid, or formyl -chloride oxime, 
Cl'CH:N*OH. This forms colourless crystals volatile at the 
ordinary temperature, and decomposes readily. With aniline 
it yields formanilide oxime, NHPh-CH:N*OH or NPh:CH* 
NH-OH. (2) It can be synthesized from a compound coi> 
taining one carbon atom, namely nitromethane. The mercuric 
salt of nitromethane, when heated with water, yields water 
and mercury fulminate: 

CHjiNO.OM — lljO + C:N.OM. 

(3) With nitrous acid it yields methylnitrolic acid (p. 96). 

CiN.OH + H.NOa — NOa-CH:N‘OH. 

•(4) According to Scholl (B. 32, 3492; 36, 10, 322, 648), when 
benzene is treated with mercury fulminate and a mixture of 
anhydrous and hydrated aluminium chloride, benzaldoxime is 
formed (70 per cent). The water of the hydrated chloride 
liberates hydrogen chloride, which combines with the fulmi- 
nate, yielding the additive compound, OM*N:CHCl, which 
then condenses with the benzene in the manner of the Friedel- 
Crafts reaction, yielding CgH^*CH:N*OM, from which the 
free oxime is liberated by means of mineral acid. 

The hydrolysis of a fulminate to formic acid and hydroxyl- 
amine by means of hydrochloric acid is almost undoubtedly 
precedea by the formation of an additive compound: 

OH-NrCH-Cl + HjO — OH.N:CH.OH 
OH.N:CH.OH + HjO — 0:CH-0H + NHgOH. 

Free fulminic acid can be obtained by the action of an ex- 
cess of sulphuric acid on a solution of potassium fulminate and 
extraction with ether. It volatilizes with the ether when this 
is distilled, and readily polymerizes to meta-fulminic acid. Nef 
has pointed out the remarkable analogy between hydrogen 
cyanide and fulminic acid. No direct estimations of the molC' 
cular weight of fulminic acid have been made, but an indirect 
determination by L, JVohler (B.^1905, 38, 1351) points to the 
simple formula nCNO. The method is based upon the deter- 
mination of the value of varCt Hofjfs dissociation factor i for the 
sodium salt in 0-2 to OT iV' solution. The value was found to 
be 1*85, the usual value for the salt of a monobasic acid. Also 
the increase in molecular conductivity in passing from N/32 to 
JV/1024 solution was found to bo 5 units, corresponding with 
Ostwald's value 4-8 for the salt of a monobasic acid. 
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The following has been suggested by Wielamd as the prob- 
able course of the reaction in the preparation of a fulminate 
from ethyl alcohol: Oxidation to acetaldehyde, formation of 
isonitroso - acetaldehyde, oxidation to isonitroso > acetic acid, 
HO'NrCH'COjH, nitration to nitro-isonitroso-acetic acid, de- 
composition into carbon dioxide and methylnitrolic acid, con- 
version of methylnitrolic acid into nitrous and fulminic 
acids. 

A polymer of fulminic acid, known as fiilminuric acid, has 
been shown to be cyanonitroacetamide, NOg • CH(CN) • CO • NH^. 

Tervalent Carbon: Triphenylmethyl. — In attempting to 
prepare hexaphenylethane by the action of finely divided silver 
or zinc on triphenylchloromethane in benzene solufion, G(m- 
herg (J. A. C. S. 1900, 22, 757) obtained a substance which con- 
tained oxygen, but in the absence of air the product was free 
from oxygon, and when the solution was carefully evaporated 
a compound with pronounced unsaturated properties was iso- 
lated. It combines vigorously with oxygen, yielding the 
peroxide, CPh.^-O-O-CPhg, m.-pt. 185®-186°, which is trans- 
formed by sulphuric acid into triphenylcarbinol; it also com- 
bines with iodine, yielding triphenyliodomethane, and forms 
additive compounds with ethers, ketones, esters, nitriles, and 
with certain saturated hydrocarbons (J. A. C. S. 1915, 37, 2569). 
It was suggested that these properties pointed to the formula, 
CPhg, for the hydrocarbon, a formula which contains a ter- 

valent carljon atom. The corresponding ion, CPhg, appears to 
be formed when triphenylchloromethane is dissolved in liquid 
sulphur dioxide, as such solutions are good conductors of the 
electric current. Molecular Veight determinations by the cryo- 
scopic method point to the double formula,* (CPhg)«, for the 
hydrocarbon. Tschitschabin (B. 37, 4709) has suggestea that the 
product is hexaphenylethane, and has supported this conclusion 
by a study of the properties of pentaphenylethane, which is 
somewhat unstable and readily attacked by oxygen, and is 
completely ruptured by hydrcvchloric acid at 150®. Quinonoid 
formulas have also been suggested, the symmetrical formula I 
by Heintsehel (B. 36, 320, 579), and formula II by Jacotiton 
(B. 37, 196): 

(I) ^-Ph,:CK[^^|^^CH-CTT<^^;^®^^:CPh3, 

(II) CPli,.CH<^;^>C:CPh, 



776 


L. UNSATURATION 


According to Schmidlin (B. 41, 2471) two forms of triphenyl- 
methyl exist, a colourless and a yellow. When freshly dis- 
solved in benzene the solution is colourless but changes 
gradually to orange-yellow. The colour is destroyed by 
shaking the solution with air, but returns again on standing, 
and it is argued that the yellow form reacts with air more 
readily than the colourless compound. In solution there is an 
equilibrium between the colourless and coloured forms, and 
the equilibrium is displaced in favour of the colourless by 
lowering the temperature. The general view is that the 
equilibrium may be represented by the equation: 

CPhs-CPhg — 2CPh3; 
f Golourless Yellow 


and this view is supported by Wieland (B. 42, 3020), who 
shows that in naphthalene solution, which contains more of 
the yellow form than the benzene solution does, the molecular 
weight is much less than that required by the formula (CPh3)2, 
indicating that the yellow compound presumably has the com- 
position CPhq (cf. Piccard, A. 1911, 381, 347). Oomberg (B. 
1913, 46, 225) represents the equilibrium as not merely 
between the uni- and bi-molecular compounds, but also be- 
tween benzene and quinonoid forms (cf. also B. 45, 3171), and 
the dissociation of the latter into ions : 


(CA),.C.CeH, 


(C,H5),C:C,H4<®^ + C(rW3, 


and in the formation of additive compounds with oxygen. 


ethers, ketones, ‘&c., it is probably the anion, CPhg, which 
reacts, and the equilibrium is thus destroyed. 

Schlenk, JFeicJcel, and Herzenstein (A. 372, 1) have prepared 
a tri-diphenylmetliyl, 0(0^114 by the action of finely 

divided copper on tri-diphenylcnloromethane, and have been 
able to show that in solution it h monomolecular. The corre- 
sponding bimolecular form is not known. Its solutions have 
a Geep-violet colour, and it reacts readily with oxygen, giving a 
colourless peroxide. Corresponding diphenyl-diphenylmethyl, 
CPhg • C^H4 • Ph, and phenyl-di-diphenylmethyl,CPh(CgH4 • Ph).,, 
have been prepared; they exist in both coloured and colour- 
less modifications. For diphenyl-a-naphthylmethyl see Gom- 
berg, J. A. C. S., 1919, 41, 1655; for thienyldiphenylmethane, 
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ibid. 1913, 35, 446, 41, 16; and for general review of tripheiiyl 
methyl compounds, ibid. 1914, 36, 1144. 

When the /?-tribromo analogue of triphenylmethyl, viz. 
(CgH 4 Br) 3 C, is examined it is found that one bromine atom 
behaves differently from the others, it is readily removed 
by means of metals, and hence presumably is differently 
situated in the molecule. This would agree with Jacobsm^s 
quinonoid formula, according to which the bromine atom 1 
would be much more sensitive than the bromine atoms 
attached to the benzene atom. 


(CgHaBr 


Compounds of the type of sodium triphenylmethafte, 
CPh.^a, have been prepared by Schlenk and Marcus (B. 1914, 
47, 1664). They are red solids sensitive to oxygen; with 
water they yield hydrocarbons, e.g, triphenylmethane, with 
CO^ acids of the type of triphenylacetic acid, and with methyl 
iodide hydrocarbons, e.g, CHg-CPhg. With aldehydes or 
ketones incapable of reacting in the enolic forms, the sodium 
compounds react, yielding alcohols 


CPhgNa + H.CHO — CPha-CHg-ONa. 


Just as colourless hexaphenylethane tends to break up into 
coloured triphenylmethyl, so pentaphenylethane when heated 
in anisole solution in absence of air breaks up into CPhg 
(yellow) and CHPhg; the formation of the latter is proved by 
the formation of tetraphenylethane due to the union of two 
CHPhg radicals. For the existence of free radicals containing 
divalent nitrogen EgN, cf.*fFieland (A. 1911, 381, 200; 1912, 
392, 127), who shows that when a benzene* solution of tetra- 
phenylhydrazine is boiled for some time the chief products 
are diphenylamine and diphenyldihydrophenazine, which are 
regarded as formed from the radicals NPhg: 

4(CgHg)3N — 2NH(C^Hg)g + CeHg<5}JJ>CgHg. 


Triphenylmethyl and tetraphenylhydrazine in benzene solu- 
tion free from air yield triphenylmethyldiphenylamine, 
CPhg'NPhg. Negative groups such as NO^ militate against 
dissociation, whereas Me, OMe, and NMcg groups facilitate 
dissociation, as shown by molecular weight determination. 

The two isomeric compounds, tetraphenyl-m (and p) xylerife 
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dichlorides, CPhgCl'C^H. -CP^CI, behave quite differently 
when treated with metals. Tlie ^-compound readily yields 
the j?-quinoid compound I {Thiele and Balhoni, E. 1904, 37, 
1463), whereas the ?/i-com pound loses either one or both 
chlorine atoms, yielding the triphenylmethyl derivatives II 
and III {Schlenk and BraanSy 1915, 48, 661). These facts 
support the view that wi-quinonoid compounds are incapable 
of existence. 

CPhnCl CPha CPhaCl CPha" CPh.j- 

. /i\ /\ /'\ /i\ 

I) 3 -> ) n : I) v' 

\|/ \/' vg/Crh,Cl \,/CPh,Cl M/CPhj- 

4 CPhaCl ' CPha 

F. KeiBW.—Wihrrm'e (J. C. S. 1907, 91, 1938; ^08, 93, 
946) has isolated the simplest possible ketone, CHolCO, which 
he terms keten, and which may be regarded as a new anhy- 
dride of acetic acid. It is obtained by the action of a hot pla- 
tinum wire on acetic anhydride; numerous other substances 
are formed at the same time, but a 10-per-cent yield is obtained. 
It is a colourless gas at the ordinary temperature, has a char- 
acteristic odour, and reacts with hydrogen chloride, ammonia, 
and aniline, yielding acetyl chloride, acetamide, and acetanilide 
respectively. When kept for some time it polymerizes, yield- 
ing oyclobutane-1 ;3-dione, CHg-^QQ^CHg, b.-pt. 126°-127^ 

which combines with water to acetoacetic acid (p. 234), and 
with aniline to acetoacetanilide (J. C. S. 1910, 1978). The 
dione constitution is not accepted* by Schroeter (B. 1916, 49, 
2697), who points out that true derivatives of the dione differ 
completely from these polymerization products. 

Homologues of keten, e,g, dimethyl-keten (CH 3 ) 2 C:CO, and 
diphenyl-keten, (C(^H 5 )oC:CO {Staidinger, B. 1905, 38, 1735; 
1906, 39, 968; 1907, 40, 1145, 1149; Oit, A. 1913, 401, 159), 
have also been prepared. The method consists in the action 
of zinc on a-bromoisobutyryl Ifromide and diphenyl-chloro- 
acerf=yl chloride respectively. The compounds are unstable 
and readily polymerize. Dimethyl-keten forms stable com- 
pounds with tertiary amines, and with water, alcohol, or 
amines gives isobutyric acid, its ester or amide: 

CMe2C:CX) + HX -* CHMej.C^^- 
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The presence of a keten group, •CHg-CO*, is of great impor- 
tance in the syntheses of numerous cyclic compounds (cf. Collie^ 
J. C. S. 1907, 91, 1806). 

The homologues are frequently divided into (a) aldoketens, 
{b) ketoketens. The aldo group comprises keten, its mono- 
alkyl substituted derivatives, and carbon suboxide. They are 
colourless, incapable of autoxidation, and are polymerized by 
pyridine. The keto group consists of the dialkylated deriva- 
tives. These are coloured, readily undergo autoxidation, and 
form additive compounds with tertiary amines, such as pyri- 
dine, quinoline, and acridine. These products from dialkyl 
ketens and tertiary amines are stable and have basic pro- 
perties; they contain two molecules of keten combined wjth 
one of the base, and the compound with quinoline is repre- 


sented as 





CO-CMeg-CO-CMeg 


(A. 1910, 374, 1). They also form additive compounds with 
substances containing the groupings C:N and C:0, for ex- 
ample, Schiff'^s bases and quinones. Diphenyl-keten and qui- 

CPh 

none yield the ^-lactone, 0 :CgH 4 <^Q ^^CO, which decom- 
poses into CO.^ and O : : CPb,, diphenyl-quinomethane, 

when heated {Staudinger, 6. 1908, 905, 1355, 1493). 

Ethyl ethylketene-carboxylate, CO^Et-CEt:CO, is colour 
less, and does not yield additive compounds, but readily poly- 
merizes, yielding a cyclobutane derivative; but other car- 
bethoxy ketenes are coloilrless, and yet form additive com- 
pounds with water, alcohol, or aniline (B. *1717, 60 , 1024). 

G. Tlnsaturation and Physical Properties. — Unsaturation, 
especially in the case of compounds Avith conjugate linkings, 
produces a marked effect on numerous physical properties. 
The phenomena which have been most closely studied are 
those on the refraction and, dispersion of light. The effect 
of a conjugate linking such as that in CHMe:CH'CH:CHMe, 
is to produce a considerable increase or exaltation in the spcJbific 
and molecular refraction and dispersions. In the case men- 
tioned the molecular refraction is about one unit greater than 
the value calculated from the atomic refractions -f two olefine 
linkings. The existence of such exaltation is frequently used 
as an argument in favour of the presence of conjugate linlc- 
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ings (either two olefine or an olefine and carbonyl) in the com- 
pound examined. In the case of hexatriene, CHgtCH-CH: 
CH'CHrCHg, the exaltation is 2*06 units. Exaltation is also 
observed when an acetylene linking is in conjugation with a 
carbonyl group. According to Moureau (Annales, 1906, [8], 
7, 436), and Muller and Bauer (J. Chim. Phys. 1903, 1, 190), 
the exaltation in certain series of compounds increases with 
the negative character of the substituents. Little or no 
exaltation is met with in the case of benzene, furane, diacetyl, 
and similar compounds, although the formulae usually written 
for these compounds contain conjugate bonds. This may be 
due to special symmetrical ring structure or to mutual neutrali- 
zation of residual affinities. Unsaturated groups such as amino, 
vinyl, and allyl, when present, in benzene compounds and 
directly attached to the nucleus, produce exaltation, probably 
owing to a readjustment of residual affinity. Exaltation is 
extremely well marked in compounds containing conjugate 
linkings, which, in their turn, are conjugate to the ethylene 
bonds in phenyl groups: e.g. diphenyl-butadiene, CHPhrCH* 
CHrCHPh, has an exaltation of 15 units {Klagci^^ B. 40, 1768); 
cinnamylideneacetic acid, CHPh:CH*CH:CH*C(OH):0, of 
10*5 units, and diphenyl-hexatriene, CHPh:CH«CH:CH*CH: 
CHPh, of 24 units (Smedleyy J. C. S. 1908, 376). 

The enormous exaltations which phenyl groups produce on 
the molecular refractions of compounds like butadiene and 
hexatriene has been brought forward as an argument in favour 
of KekuU's formula for benzene, as the three nuclear olefine 
linkings, which are themselves conjugate, are also conjugate 
with the olefine linkings in the diene or triene chain. On the 
other hand, benzene and its simple derivatives show little or 
no exaltation, and it is possible that the introduction of un- 
saturated side chains produces a change in the structure of the 
benzene ring itself. 

Some of the most accurate work on unsaturated compounds 
has been carried out by Auwers and Eisenlohr (J. pr. 82, 65; 
84, 1, 37); Auwers and MooshruggtTy A. 1912, 387, 167; Auwers 
and Ellinger, ibid. 200, B. 1910, 43, 806; 1911, 44, 3514; 
19P2, 45, 2764. They compare the specific refractions x 100, 
and not molecular refractions, and make use of the following 
values for atomic refractions as determined by Eisenlohr 
(Zeit. phys. 75, 585); CH^ = 4*618, C = 2*418, H = 1, 
0 (in carbonyl) = 2*211, O (in ethers = 1*643, O (in hy- 
droxyl) = 1*525, Cl = 5*967, Br = 8*865, I = 13*900, 
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olefine linking = 1-733, and acetylene linking = 2-398. 
They find that a single conjugation in a hydrocarbon produces 
an exaltation of approximately 1-9 units, but that this value 
is reduced to an appreciable extent by the introduction of 
substituents. The amount of this interference depends upon 
the number and position of the substituents. In cinnamene 
and its j8-substituted derivatives the exaltation is about 1-0, 
and when three substituents are present the exaltation is only 
0-45. They conclude that for a given type of compound the 
exaltation is fairly constant, and within such limits the exist- 
ence of the exaltation may be made use of in discussions bear-' 
ing on constitution. 

Elements with residual valencies, e.g, N, S, Cl, when in 
conjugation with olefine linkings, also produce exaitatton 
{Eisenldhr^ B. 1911, 44 , 3188; Price and TtuisSy J. C. S., 1912, 
101 , 1259). 

When several pairs of conjugate linkings are present, it is 
found that the exaltation is much greater when these all form 
a single chain (cf. hexatriene) than when they are “ crossed ” 

as in NC:C<(^ 

^ \C:C< 


Semicylic double bonds (p. 609) and rings formed of three 
atoms, e,g, trimethylene, also produce optical exaltation. 

For effects of unsaturation on heats of combustion, see 
Auwers and Roth (A. 373 , 239, 267). 

For effects of unsaturation on optical activity, see Frank- 
land and others, J. C. S. 1906, 1854, 1861; 1911, 2325; 
Hildich, J. C. S. 1908, 1, 700, 1388, 1618; 1909, 331, 1570, 
1578; 1910, 1091; 1911, 218, 224; Zeit. phys. 1911, 77 , 482; 
Rupe^ A. 373 . 121. • 

Much work has been done on the relationship between 
colour and unsaturation. The quinonoid formulae attributed 
to many dyes contain conjugate double linkings, and it is 
certain that the depth of colour tends to increase with the 
length of the conjugate chain of double linkings present in the 
compound. The auxo-chroAic effects produced by amino and 
hydroxyl groups may also be due to the unsaturated nature 
of these groups. 

Acetylenes. — These hydrocarbons are highly unsaturated, 
and hence are extremely reactive chemically, and within 
recent years numerous compounds of commercial importance 
have been synthesized from acetylene produced froiq calciutn 
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carbide (Chem. Trade J. 1919, 66, 361). Among the most 
important may be mentioned the hydration of acetylene to 
acetaldehyde in the presence of mercury salts (p. 135). A 
99‘9-per-cent aldehyde can be obtained by refrigeration and 
subsequent rectification. The aldehyde in its turn can be 
used for the production of acetic acid, ethyl acetate, paralde- 
hyde, aldol, acetal alcohol, and acetic anhydride, e,g,\ 

2CH3.CH:0 + CljO — (CR^^CO)P + 2 HCl. 

The chlorination product, acetylene tetrachloride, is manufac- 
'iured on a large scale by passing chlorine and acetylene into 
a porous material such as infusorial earth, or into SbCl^. In 
this way pxplosions are avoided. The product known as 
we'i^tron is a heavy liquid with b.-pt. 147*2, and is used as 
solvent for cellulose acetate dopes. Trichlorethylene or 
westrosol is formed when the tetrachloride is passed over 
BaClg or ThOg heated at 300°-390°. It is a liquid boiling at 
88®, and is used for extracting oils from oil seeds and other 
materials. It is valuable, as it does not attack metallic vessels. 
Ethyl chloroacetate can be synthesized from trichlorethylene 
by treatment with alkali and alcohol; the first product is di- 
chlorovinyl ether, which combines with water in the presence 
of a trace of HCl, forming ethyl chloroacetate: 

CHCl : CCI 2 + NaOEt — NaCl + CHCl : CCl • OEt 

CHCl:CC1.0Et-f H.OH CHaCl-CO-OEt + HCl. 

For production of thiophene cf. p. 648, and of isoprene, p. 602. 


LI. ALIPHATIC DIAZO- AND TRIAZO-COMPOUNDS 

A. Diazo-compounds. — By the action of nitrous acid on a 
solution of a salt of a primary aromatic amine, the important 
group of diazo or diazonium salts are formed. It is generally 
stated that aliphatic amino-compounds differ from the aromatic 
in this respect, and immediately yield the corresponding hy- 
droxy-compounds. A few aliphatic amino-compounds do, how- 
ever'Vield diazo-derivatives with cold nitrous acid; one of the 

N\ 

best known of these compounds is ethyl diazo-acetate, ^^CH • 

COoEt (p. 220), a yellow oil, b.-pt. 141®. It differs from the 
aiomatic diazonium salts in having both nitrogen atoms at- 
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tached to carbon, and may be regarded as the anhydride of a 
diazo hydroxide, OH*N:N •CHo-COgEt. It is extremely re- 
active, and the group is readily replaced by Ig, HCl, H^O, 
&c. With concentrated alkalis it yields bis-diazo-acetic acid: 

COgH • jj ^ * CO2H 

{Curtius, Dunvpsky, and E. Muller^ B. 1907). 

Ethyl diazoacetate reacts with acid chlorides, e,g, acetyl 
chloride, yielding ethyl chloroacetate and ethyl acetodiazo- 
acetate : 

i>CHN2-C02Et + (JH3CO.CI 

— N2 + CHa-CO-CNa-CO^Et + CHgCl-CbaEt. 


The diazo ester reacts with certain compounds containing 
olefine bonds yielding nitrogen and derivatives of cyclopro- 
pane (for examples cf. p. 621). 

The simplest aliphatic diazo-compound is diazo-methane, 
yN 

which may be regarded as the anhydride of CHg* 

N : N • OH. Diazo-methane is most conveniently prepared by 
decomposing nitroso- methyl -urethane, CH.^ • N(NO) • CO.Et, 
with alkali, the compound, CH 3 *N:N«OK, being formed as 
an intermediate product {Hantzsch and Lehmaiin^B, 1902, 35, 
897). 

It is a yellow, odourless gas at atmospheric temperature, 
and is excessively poisonous. It is characterized by its re- 
activity, and will readily convert acids into methyl esters, 
alcohols and phenols into rAethyl ethers, aniline and its homo- 
logues into secondary amines, and aldehydes? into ketones. It 
is also capable of uniting with unsaturated compounds, yielding 
heterocyclic derivatives, e,g.: 


CH 

••• -4- • /N 

OH ^ CH./ 

CHo N==^_ • 

.. -4. . = 

CH. ^ CHo/ 


CH.NH\ 

CH-OH-^ 


N pyrazole. 


CHj.NHv. 

CH..CH 


Cf. p. 558. 

Numerous homologues of diazomethane have been prepared 
by Staudinger (B. 1916, 49 , 1884), some by the oxidation with 
HgO of the hydrazones derived from aldehydes and ketonec 
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and others by the decomposition of nitroso - urethanes. 
CMe2:N2 is red and CPh2:N2, m.-pt. 29®, is bluish-red. 

B. Triazo-compounds. — Forstei' (J. C. S. 1908, 98, 72, 669, 
1070, 1174, 1859, 1865) has obtained a number of fairly 
simple aliphatic triazo-derivatives containing the univalent 
N\ 

grouping, Ethyl triazo-acetate, Ng-CHg *00202115, ob- 

tained by the action of sodium azide, NaN^ on an alcoholic 
solution of ethyl chloro-acetate, is a colourless liquid, b.-pt. 
44°-46® under 2 mm. pressure, and has a sweet odour sugges- 
tive of chloroform. From this ester triazo-acetic acidy m.-pt. 
16®, and almost as strong an acid as bromo-acetic, and iriazo- 
cmtamide* m.-pt. 58°, have been obtained by the ordinary 
methods. Triazo-acetone, acetonyl-azoimide, Ng • OHg • 00 • OH^, 
obtained from chloro-acetone, is a colourless liquid, b.-pt. 54° 
under 2 mm. pressure. It has the properties of a ketone, e.g. 
yields a semicarbazone, m.-pt. 152°, and is instantly decom- 
posed by alkalis. Ethyl a4riazo-p'opiomte and the isomeric 
/?-compound have been prepared, and also a-triazo-p'opionic 
acidy OHg-OHNg-COgH, the last of which has been resolved 
into optically active components. Ethyl fi-triazo-propionate is so 
readily decomposed by alkalis that the corresponding acid and 
amide have not been prepared. Allyl-azoimidey OHglOH-OHg* 
Ng, b.-pt. 76*5®; triazo-ethyl alcoholy Ng • OHg • OHg • OH, b.-pt. 
60°/8 mm.; triazo-acetaldehydey an oil, together with numerous 
esters derived from triazo-ethyl alcohol, have been prepared. 
Bis-triazo-compounds can be obtained, e.y. bis-iriazo-ethaney 
Ng'CHg'CHg'Ng, and ethyl bis4riazo-acetatey CH(Ng)2*C02Et, 
but are extremely explosive. Triazo-malonic acid and ethyl 
triazo-acetoacetate appear to be incapable of existence, but 
substituted derivatives, e.g, CHg-CO-CNgMe-COgEt, and even 
a bis-triazo-compound, CH3*CO*C(N8)2*COoEt, are known. 
Triazo-ethyleriBy N3*CH:CH2, can be obtained by eliminating 
hydrogen iodide from triazo-ethyl iodide. It is a pale-yellow 
liquid, b.-pt. 26®, and yields an oily dibromide. Numerous 
aromatic triazo-com pounds haveP' also been prepared, mainly 
fropi diazonium salts, (Cf. J. C. S. 1907, 855, 1350; 1909, 
183; 1910, 126, 254, 1056, 1360, 2570.) 

Staudinger and Kupfer (B. 1911, 44, 2197) and J. Thiele 
(ibid. 2522, 3336) suggest that aliphatic diazo-compounds have 
an open-chain structure, e.g. diazo-methane, CHglN-N, and 
Uke the aromatic diazonium salts contain a quinquevalent 
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nitrogen atom. The arguments brought forward are: (1) The 
fact that the diazo-compounds can be obtained by the oxida- 
tion of hydrazones of ketones : 


ERiKC:N.NH 2 + 0 — RKiC:N:N + HgO. 

(2) The azo group is reactive, yet in the numerous reactions 
of the aliphatic diazo-compound such a group does not take 
part (cf. Forster and Cardwelly J. C. S. 1913, 103 , 861 ; also 
Staudingery B. 1916, 49 , 1884). 

In a similar manner hydrazoic acid and its derivatives are 
represented by open-chain formulae, e.g. HNrN-N. Such a 
structure accounts for the fact that by the action of^ Giignard 
reagents azides yield diazo-amino-compounds : • 

R.N:N:N -- R.N:N.NHR'. 

Carbon pernitride, CN^, N-C-NiN-N, is formed by the 
action of cyanogen bromide on sodium azoimide. It forms 
colourless needles melting at 36°, explodes at 170°-180°, and 
its aqueous solution rapidly hydrolizes to hydrazoic acid and 
carbon dioxide (C. R. 1912, 154 , 1232). 

Carbon subnitride, C3N2, obtained by heating tetraiodo- 
glyoxalin (p. 560) at 420°. It is a brown-black amorphous 
substance, and in many respects resembles animal charcoal 
(B. 1913, 46 , 3129). 


LII. SOME CYCLIC SYSTEMS 
A. Synthesis and Degradation in Ring Systems 

Most of the reactions discussed in the previous chapters 
have dealt with the conversion of derivatives of a given ring 
system into others containing the same ring, with the forma- 
tion of cyclic from open-chain compounds, or with the con^r- 
sion of ring into aliphatic derivatives. 

Reactions of considerable theoretical interest, which are 
occasionally met with, are the conversion of derivatives of one 
cyclic system into those of another containing one more or 
one less carbon atom in the ring. 
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1. DEGRADATION 


As a rule when a ring compound without side chains under- 
goes isomerization the product formed is a ring containing 
a smaller number of carbon atoms, but with side chains. 

Thus cycloheptene when reduced gives methylcyclohexane 
and dimethylcyclopentane. (Cf. p. 345.) 

Also cyclopentyl iodide — cyclopentyl nitrite — ^ 1-nitro- 

AgNOjj ^ Cone KOH 

1-methylcyclobutane : 




cb/«“ 






NO„. 


•And ^-iodo-cyclohexan-l-ol with silver nitrite yields 1-alde- 
hydro-cyclopentane (C. li 1914, 169 , 771). 

Many ct-clilorinated cyclo-ketones react with alcoholic potash 
yielding acids derived from a lower ring system : 


™C:chL.> 


ch4; 


CHg.CHa 


CHg.CH.COOH 


(J. russ. 1914, 46, 1097). 

Wallach (A. 1918, 414 , 271) has studied the conversion of 
cyclohexanone into cyclopentanone derivatives. He shows 
that the dibromide formed from a cyclohexenone derivative 
in which the olefine linking is conjugate to the carbonyl group 
reacts with aqueous alkali yielding a phenol derived from 
cyclohexane, e.g* A^-menthen-3-oue yields 2-menthol. 

With a dibromo-derivative in which the two bromine atoms 
are adjacent to the carbonyl group, but one on each side, the 
effect of alkali is to form a hydroxy-carboxylic acid derived 
from cyclopentane, and these can be readily oxidized to cyclo- 
pentanone derivatives, e,g.\ 




CHMe^ 


\CH2-C(0H).C02H 




OHMe< 


< 


CH, 


-CHo 


€(OH) (CO^H) . OH . CHMeg. 


Meerwein (A. 1914, 406 , 129) shows that when water is 
eliminated from 1 ;l-dimethyl-A^-cyclohexon-2-ol by means of 
oxalic, acid the product is a mixture of 75 per cent of the 
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dimethyl-A^-cyclohexene and 25 per cent of isopropyl-A^- 
cyclopentene. 

Xanthogallol, a product formed by the action of bromine 
water on the benzene derivative, tribromopyrogallol, CgBrg 
( 0 H) 3 , is probably a cyclopentene derivative, and its forma- 
tion can be represented by the following scheme {Mom^e and 
rhomus, J. A. C. S. 1917, 39, 974): 

Br CBr CBr 

Br.'^^Br CBr/^CBro 


OH 


CO! 




CO 


CO 


BrC CHBrg 
TO.CO.COoH 


BrC 

OC- 


CBr 


CBr, 

-C(0H).C02H 


CBr 

BrC^ CHr^ 
CO-CO. 


2. SYNTHESIS 


One of the smoothest of such changes is the conversion of 
1-methyl-l-a-hydroxyethyl cyclopentane into 1 : 2-dimethyl-Ai- 
cyclohexene under the influence of zinc chloride : 

’ ^ ' \CH5j.CH2 \CH(, — CHj/ 

and similarly 1 :2;2;3-tetramethyl-l-a-hydroxyethyl-cyclopen- 
tane yields 1 : 2 : 3 ; 3 : 4-pentamethyl-A^-cyclohexene (Meerwein, 
A. 1918, 417, 255). 

Th. pin«»„., 

taining two cyclopentane rings, with dilute* sulphuric acid 

yields a pinacoline, .qH / ^CO-CH ^ 

the one cyclopentane ring has been transformed into a cyclo- 
hexane derivative. {Meiser^ B. 1899, 32, 2054.) 

According to Heller (B. 1918, 61, 424), an acid represented 
by formula I when oxidized with dichromate mixture yields 
the quinoline carboxylic acid II: * 




\NH C(OH).COjH. 
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The number of carbon atoms in the rins is frequently 
increased when a ring compound containing side chains under- 
goes isomerization; thus 1 -methyl-1 -iodo-cyclopentane with 
silver nitrite yields a certain amount of the corresponding 
i-nitro-l-methylcyclopentane, together with some nitrocyclo- 
hexane, and hydroxymethyl -cyclopentane with oxalic acid 
yields cyclohexene. 

The majority of these ring changes, whether an increase or 
a decrease in the number of carbon atoms, are probably due 
to an opening of the ring under the influence of the reagents, 
followed by ring closure. 

B. Spipans 

• The combination of two carbocyclic rings with one carbon 
atom in common is termed a spiran, e.g, bis-l-hydrindone- 
2:2-spiran (I), and many of these compounds have been exa- 
mined by Leuchs and his co-workers (B. 1912, 46 , 189, 2114; 
1913, 46 , 2420; 1915, 48 , 1432, 1531): 



The two rings do not lie in the same plane. Compounds of 

the type should exist in optically 

active modifications. Cf. allene derivatives, a/C:C:C\?, 
p. 679. ^ 

For stability of spiro compounds cf. Thm'pe and others, 
J. C. S. 1915, 107 , 1080; 1919, 116 , 320; 1920, 117 , 1579. 

C. Cagre Systems 

Just as a group of carbon atoifls with attached hydrogen or 
other radicals can form a ring, so several rings can arrange 
themselves to form a cage. 

A compound of this type prepared by Beesley and /. F, 
Thmpe is the one containing 3 cyclopropane rings, each with 
2 carbon atoms in common, and so arranged as to form a 
tetrahedral cage (I). 
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Interesting compounds of a similar type, which so far have 
not been prepared, are (a) the cage formed by two cyclo- 
hexane rings, which are in different planes and attached to 
one another at 6 points; and (b) a compound with a basal 
cycle of 4 carbon atoms, ends consisting of 3 membered rings 
and sides of 5 membered rings, wkh one C atom in common 
(Fig. II). Such compounds are related to terpene derivatives 
mentioned on p. 626. 


LIIL ORGANIC DERIVATIVES OF ARSEJ^IC 

In studying the various groups of carbon compounds, atten- 
tion has already (pp. 90, 117, 119) been drawn to the fact 
that elements belonging to the same group in the periodic 
classification tend to give rise to similar types of organic 
derivatives. 

Nitrogen, phosphorus, and arsenic belong to the same group, 
and hence the derivatives of arsenic should resemble those of 
nitrogen. Attention has already been drawn to such resem- 
blances in the case of the arsines and arsonium compounds. 
The compound pentamethylarsine, AsMe^, was described by 
Cahours in 1862 as an oily liquid, and it is only recently that 
analogous nitrogen compounds have been prepared by Schlenk 
and Holtz (Ber. 1916, 49 , 605; 1917, 60 , 274), for example, 
benzyltetramethyl-ammonium, NMe4«CHo * 05115 , cf. p. 401. 

The chief groups of nitrogen compounds may be tabulated 
as follows: — • 

(a) Amines and alkylated ammonium salts. 

(h) Nitroso- and nitro-derivatives. 

(c) Azo and diazo-compounds. 

(d) Nitriles and acid amides. 

(e) Cyclic compounds with the nitrogen atom forming 

part of the ring. • 

So far arsenic derivatives corresponding with nitriles 9nd 
acid amides have not been isolated. 

The arsine oxides are analogous to the nitroso-compounds, 
e.g. phenylarsine oxide, CgHg-AsiO, to nitrosobenzene, and 
^-hydroxypheny 1-arsine oxide, OH-C 6 H 4 «AsO, to ^-nitroso-. 
phenol. • 
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The arseno-compounds are analogous to the azo-compounds, 

CeHsAsrAsCeHs, CeH^NtNOeH*, 

Arsenobenzene Azobenzene 

and are at the present time compounds of commercial impor- 
tance, as some of their derivatives find use as drugs (see 
Salvarsan). Aliphatic arseno-compounds of the type of arseno- 
ethane, CgH^ As : AsCgH^ {Auger, C. R. 1904, 138, 1705), have 
also been prepared, but appear to have the bimolecular formula 
(AsEt)4. 


ARYLARSINIC ACIDS 


The arylarsinic acids, R*Asc-OH, comprise a group 

^OH 


of 


great technical importance, as some of the substituted arsinic 
acids give rise to derivatives which possess considerable thera- 
peutic value. Phenylarsinic acid, CgHg* As(0H)2:0, may be 
regarded as the hydrate of the arsenic analogue of nitro- 
benzene, and, when it is warmed, water is eliminated and the 

anhydride, R* As^q, is formed. The main difference between 


the nitrogen and arsenic compounds is that in the nitrogen 
series the anhydrides, R-NOo, are the stable compounds, the 
hydrates being unknown, whereas in the arsenic series the 
hydrates, R*AsO(OH) 2 , are the important compounds. 

The arylarsinic acids are well defined crystalline substances, 
and in the majority of them the arsinic acid group is firmly 
attached to the benzene ring, so that the compounds may be 
used in a variety of different ways for synthetic purposes 
{Ehrlich). When reduced they can yield arsine oxides, 
R*As:0, arseno compounds, RAsrAsR, or even primary ar- 
sines, RNH 2 , and thus resemble the nitro compounds. They 
possess distinct acidic properties, yield soluble alkali salts and 
insoluble salts of heavy metals, but do not give precipitates 
with magnesia mixture in the told; when heated, however, 
insoluble magnesium salts free from ammonia are formed. 

A common synthesis of arsenic acids is by the action of 
arsenic acid or its salts on diazonium salts: 


R.NgX + As(OH) 3 — R. A80(0H)2 + Ng + HX. 


Another method of formation is by the combined action of 
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chlorine and water on chloroarsines (p. 120 ). (B. 1894, 27, 

265): 

Celifi-AsClg + Clg + 3 H 2 O — CeHfi- A sO(OH)2 + 4IICI. 

A convenient method for preparing phenylarsinic acid itself 
is by the elimination of the amino-group from p-amino-phenyl- 
arsinic acid {Bertheim^ B. 1908, 41, 1865). 

The esters of the arsinic acids can be prepared from the 
silver salts and alkyl iodides, and are disagreeably smelling 
liquids, which are readily hydrolysed when brought into con- 
tact with water. 

The anhydride, C^H 5 As 02 , obtained by dehydrating the 
corresponding acid at 140°, is a white amorphous .powder; 
does not absorb moisture from the air, but dissolves in watA’ 
yielding the acid. 

Amino-derivatives of arylarsinic acids can be obtained by 
direct synthesis, namely, by heating a primary arylamiiie 
with arsenic acid: 

CeH5.NH2 + 0:As(OH)3 = NHg-CeH*. AsO(OH)2 + H 2 O. 

In this reaction the •ASO 3 H 2 group always occupies the 
para position with respect to the amino-group, unless this 
position is already filled, when it takes up the ortho-position. 
A meta-amino-compound can be prepared by nitrating the 
unsubstituted arsinic acid and reducing the m-nitro acid by 
means of sodium amalgam and methyl alcohol; if other 
reducing agents are employed the arsinic acid group also is 
reduced. 

^j-Aminophenylarsinic acid, NKg-CgH^^AsOgH^, is formed 
when aniline arsenate is heated. The process is usually 
termed arsenating — analogous to sulphonatifig — and the pro- 
duct is known as arsaniUc acid {Ehrlich and Bertheim^ B. 
1907, 40 , 3292; Benda, 1908, 41 , 1674; 1909, 42 , 3621; 
Koher and Davis, J. A. C. S. 1919, 41 , 451). The reaction 
proceeds best at a temperature of 160“-185“ and in the 
presence of an excess of aniline (3 mols : 2 mols acid), but under 
no conditions is the yield a theoretical one. The arsenic acid 
appears to have an oxidizing action on the aniline, and 4 *ed 
and black products are formed. A diaminodiphenylarsinic 
acid, 0 : As(C(jH 4 -NH 2 ) 2 *OH, is also formed as a by-product. 

The amino group in these compounds is reactive and can be 
diazotized with the greatest readiness, and the diazo com- 
pounds so formed show the reactions characteristic of aijornaticf 
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diazonium salts, including the formation of azo-dyes. The 
• AsO(OH )2 group is, on the whole, firmly united to the 
benzene ring, but can be readily replaced by iodine when the 
amino acid is warmed with potassium iodide and dilute sul- 
phuric acid; in a similar manner arsanilic acid with bromine 
water yields s-tribromoaniline, a reaction analogous to that 
between sulphanilic acid and bromine water. The replace- 
ment of the arsinic acid residue by iodine is frequently 
used for determining the relative positions of the substituents 
in aminoarylarsinic acids, e.g, o-arsinilic acid yields ortho- 
iodoaniline.* Free p-arsanilic acid is sparingly soluble in 
water or alcohol, but as an amphoteric substance dissolves 
readily in dilute mineral acids or alkalis. The mono-sodium 
slilt was introduced into medicine in 1902 under the name of 
Atoxyl, and was the first aryl derivative of arsenic to find 
a therapeutic use. Recently an English firm has introduced a 
well-defined crystalline salt,NH2*CgH4* AsO(OH)(ONa), SHgO, 
on the market under the name of Soamin. The stability of 
arsanilic acid towards sodium hydroxide solution at 100°-130° 
is interesting. With 1 *5 mols. of alkali to one of the acid the 
solution is quite stable, and no hydrolysing action occurs; 
the maximum hydrolysis takes place when the ratio is 0*8:1. 
The replacement of the hydrogen atom of the second hydroxyl 
group thus has a stabilizing effect, and a similar result is 
obtained by acylating the amino group; the conclusion is 
drawn that the cause of instability is due to some interaction 
between the amino group and the second hydroxyl group 
{Schmitz, B, 1914, 47, 363). For several years atoxyl was 
used in the form of intravenous injections in cases of anaemia, 
syphilis, elephantiasis, malaria, alid other protozoal diseases, 
but has now beeli replaced by derivatives of tervalent arsenic 
of the salvarsan type which are far less toxic and dangerous. 
The poisonous effects of atoxyl are cumulative, and can lead 
ultimately to complete blindness and kidney complications. 

Halogenated arsanilic acids can be obtained by the action of 
halogens in the absence of watpr, the halogen taking up the 
ortho position relative to the amino group. The mono- 
nitiL’o derivative, 3-nitro-4-aminophenylarsinic acid, is best 
prepared by nitrating the oxalyl or urethane derivative, 
H2O3 As . . NH . CO . CO2H or HgOg As . . NH . CO • OEt, 

* Amino acids in which the amino-group is in the meta-position relative 
to the arsinic acid group are not decompose by halogens or hydriodic acid. 
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and when reduced with alkaline hydrosulphite yields the 
o-diamine, 3:4-diaminophenylarsinic acid, which gives most of 
the reactions characteristic of <>-diamines (p. 404). 

As an amine atoxyl gives rise to a series of acyl derivatives, 
two of which are monoacetylatoxyl (arsacetin), NHAc*CgH 4 « 
AsO(OH)(ONa), SHgO, and sodium-i-benzemsulphonylrl-amirio- 
phenylarsinate (pectine), SOgPh • NH • C^H. • AsO(OH)(ONa). 
Both of these were used at one time in medicine — as they are 
less toxic and more stable; for example, their solutions can be 
sterilized by boiling without undergoing decomposition — but 
have now been discarded. 


With aldehydes arsanilic acid yields benzylidene and analo- 
gous derivatives, e.g. OH • CgH^ • C*H : N • CgH4 • AsO(OH^2> which 
are usually coloured and amphoteric in character. • 

Numerous hydroxy derivatives of arylarsinic acids are 


known. p-Hydroxyphenylarsinic acid, OH*CflH 4 *AsO(OH) 2 , 
obtained by heating phenol with arsenic acid (H 3 ASO 4 ) at 150° 
(Co7ianty J. Am. C. S. 1919, 41, 431), or by diazotizing ^-arsanilic 
acid and warming the solution, forms a crystalline mass readily 
soluble in water or alcohol. 


Compounds obtained by condensing j?-amino-phenylarsinic 
acid with amides, ureides or anilides of halogenated fatty acids 
are also valuable agents in treating trypanosomal and spiro- 
chsetal infections (u. S. P.). 


DERIVATIVES OF ARSENOBENZENE 

As already pointed out, the arseno-derivatives are the arsenic 
analogues of the azo-compounds, and they can be synthesized 
by a process analogous to the one described for the azo- 
compounds (No. 5, p. 421), namely, by concTensing a primary 
arsine with an arsine oxide: 

R.NHg + K-NO — R.AsiAs.R + HgO. 

The usual method of preparing arseno-compounds of com- 
mercial importance is by the deduction of arylarsinic acids, a 
reaction similar to the formation of azobenzene by the reduc- 
tion of nitrobenzene. 

In the case of nitro compounds the actual product obtained 
depends upon the reducing agent used and the conditions of 
reduction (pp. 418, 654, 662). A similar statement holds good 
for the arylarsinic acids. Metals and concentrated acids give 
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rise to primary arsines; mild reducing agents, such as sul- 
phurous acid with a little hydriodic acid, phenylhydrazine or 
phosphorus trichloride, give rise to phenylarsine oxides; 
whereas sodium hydrosulphite reduces the arsinic acids to 
arseno compounds. 

The study of the action of reducing agents on compounds 
containing both nitro and arsinic acid groups has led to some 
interesting generalizations. 

1 . Sulphurous acid with hydriodic acid as catalyst, phenyl 
hydrazine, thionyl chloride or phosphorus trichloride give 
amino-arsine oxides, e.g. NH2*C(^H4‘ As: 0 . 

2 . A metal and strong acid, or electrolytic reduction, 
especially in the presence of methyl or ethyl alcohol, tends to 
give rise to amino primary arsines, NH2*CgH4*AsH2. 

3 . Ferrous hydroxide, or the theoretical amount of sodium 
amalgam, reduces the nitro group but leaves the arsinic acid 
group intact. 

4 . Phosphorous and hypophosphorous acids reduce the 
arsenical group but leave the nitro group intact, and give as 
products nitro-arylarseno compounds, NOg • CgH4 • As : As • 
G^H4*N02, and the same result can be effected by stannous 
chloride activated by hydriodic acid. 

5 . Sodium hydrosulphite reduces the nitro- to an amino- 
group, and the arsenic acid radicle to the arseno-group, giving 
rise to the compound NH2*C(.H4*As:As«CgH4»NH2. 

The arseno-group, -As: As-, unlike the azo-group, -NiN-, 
has but feeble chromorphoric effect, and the arseno derivatives 
are, as a rule, pale yellow in colour. 

Arsenobenzene, CgH^-AsiAs-CgHj^, crystallizes in yellow 
needles, melts at 196 °, and when ’’strongly heated yields tri- 
phenylarsine and” arsenic : 

3PhAs:AsPh — ► 2 AsPhg -p AS 4 . 

It is decomposed by chlorine yielding CgHgAsCL, by sulphur 
yielding C^H^AsS, and by oxidizing agents yielding phenyl- 
arsinic acid, but with iodine it forms an extremely unstable 
additive compound, C^H^AsI- AsIC^.H^, in the form of yellow 
crystals. 

Numerous substituted derivatives of arsenobenzene are 
known, those containing hydroxy and amino or substituted 
amino groups being of greatest technical importance. Charac- 
teristic of these compounds is the readiness with which 
a mixture of two symmetrical arseno compounds is transformed 
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into an unsymmetrical derivative {Karrer, B. 1916, 49 , 
1648), e,g. : 

RAsiAsR + R'AsrAsR' — ^ 2 RAsrAsR', 

by heating to about 80"" in the presence of water. 

Derivatives of arsenobeuzene have completely replaced the 
earlier quinqiievalerit arsenic compounds used in the treatment 
of protozoal diseases. They are not only more effective as 
destroyers of trypanosomes, but are much less toxic, and the 
possibility of injurious effects on the human body is reduced 
to a minimum. 

The earliest derivative of therapeutic value was Salvarsan, 
3:3' -diaminoA'A^ -dihydroxy arsembenzerie hydrochloride^ known also 
as Kharsivan, Arsenobillon, or ‘‘606'\* » 

The starting-point for the preparation of salvarsan is 
^arsanilic acid. This is diazotizcd in sulphuric acid solution, 
and the solution of the diazonium salt heated at 70°; the 
resulting j9-hydroxyphenylarsinic acid nitrated with a mixture 
of nitric and sulphuric acids yields 3-nitroA-hydrozyphenylarsinic 
acid, 0H.C^H3(N02)-As0(0H)2 (B. 1911, 44 , ^45), whoso 
constitution follows from the fact that it can be obtained by 
the diazo-reaction from <?-nitro-^-aminophenol. When the 
nitro-hydroxy acid is reduced with sodium hydrosulphite 
at 55°~60° in the presence of magnesium chloride solution, 
care being taken that the mixture is well stirred, a micro- 
crystalline, yellow precipitate of the diaminodibydroxyarseno- 
benzene is formed, 

Salvarsan is made by dissolving the precipitate in methyl 
alcohol and adding the requisite amount of methyl alcoholic 
solution of hydrogen chloride. The commercial product con- 
taining one molecule of me£hyl alcohol forms a bulky yellow 
crystalline powder soluble in most solvents with the exception 
of acetone, ether or glacial acetic acid. A pure di hydro- 
chloride free from methyl alcohol is colourless (Kober, 
J. A. C. S. 1919, 41 , 442). Like most derivatives of 
arsenobenzene, salvarsan is readily oxidized in contact with 
the air, yielding 3-aminoA-i.ydroxyphenylarsine oxide, which 
is twenty times as toxic as salvarsan. Iodine or hydrogen 
peroxide oxidizes salvarsan to the corresponding arsinic flbid. 
Derivatives of salvarsan in which the hydrogen atoms of the 

* It is stated that this compound was termed “ 606 ” by Ehrlich, as it 
was the 606th arsenic compound prepared by him in his attempts to obtain 
effective remedies for protozoal diseases. • 
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hydroxyl groups have been replaced by metallic radicles such 
as sodium or copper are of therapeutic use. 

The following is an alternative method for preparing sal- 
varsan : 

CeHft.NMea — — NMeo-CeH.-AsO 

A8CI3 NaOH 


NMe2-CgH4.A80(OH)j^-^^ NMcg/ ^AsCKOH^ 


1<^ ^A80(QH), 


2 — ► Salvarsan. 
reduced 


(Eng. Pat. 1914, 22,521). 

Numerous alkylated chloroand nitro derivatives of salvarsan 
have been prepared, also arsenobenzenes containing as many 
as six amino ^oups in the molecule. 

One of the chief objections to the use of salvarsan is that its 
aqueous solutions are distinctly acidic and have to be exactly 
neutralized with alkali just before intravenous injection. 

The substance ITeosalvarsan, known also as Neokharsivan or 
Ifovarsenobillon, is free from this defect ; it is the sodium salt of 
an N-methylsulphinic acid derived from salvarsan base, and is 
represented by the structural formula : 

NHa NH.CH2-O.SONa 

HO<^ ^Aa:Aa/ 

sodium 3:3'- diamino -4:4'- dihydroxyarsenohenzene - N - methylene- 
sulphinate, and its aqueous solutions are neutral. Neosalvarsan 
can be prepared ^by the action 01 sodium formaldehyde sul- 
phoxylate on salvarsan, precipitating the free acid, dissolving 
the acid in dilute caustic soda solution, and precipitating the 
sodium salt by pouring into alcohol. The condensation appears 
to be facilitated by working in the presence of ethyl alcohol, 
ethylene glycol, or glycerol. It can also be prepared by the 
action of a warm aqueous solu;tion of sodium formaldehyde 
sulghoxylate (2 pts.) on sodium 3-nitro-4-hydroxybenzene- 
arsinate, or by the action of the same reagent on 3:3'-dinitro- 
4:4'-dihydroxyarsenobenzene. 

Two compounds of the neosalvarsan type which have also 
been used are: (a) Galyl, the sodium salt of -dihydroxy- 
/irsenobenzene-3:3'-phosphamic acid: 
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HO^ As : A 8 -<^ 

and (b) Ludyl, the sodium salt of benzene-rnr3:3*-disulphami7W’ 
bis-3-aminoA A'-dihydroxyarsenobemeiie : 

OH . OeH3(NH2) • As : As • CgHgCOH) • NH • SOg • C^Ha • 

SO2 • NH . CeH3(OH) • As : As • CeH3(OH)NH2. 

The former compound is made by condensing 3-amino-4- 
hydroxy-phenylarsinic acid with phosphorus oxychloride in 
the presence of aqueous sodium hydroxide solution, and 
reducing the condensation product with sodium hydrosulphite; 
and the latter of the condensation of salvarsan with benzene- 
m-disulphonic chloride by the ordinary Sdwtten-Baumanrj^ 
method. Both compounds are only slightly toxic, have 
energetic spirillicadal action and produce no serious after- 
effects. 

Arsenobenzene and its derivatives form additive compounds 
with numerous salts of heavy metals, such as copper, silver, 

f old, mercury, and the platinum metals {Ehrlich and KarreVy 
;. 1915, 48 , 1634; DanysZy C. R. 1913, 167 , 644; 1914, 
168 , 199, 452). These compounds are of the type, 
R*As:AsR, MeX, and R'As:AsR, 2 MeX, and their forma- 
tion is presumably due to the residual affinity of one or both 
arsenic atoms, as arsenobenzene itself, which contains neither 
hydroxyl nor amino groups, can form such derivatives 
{Ehrlichy B. 1915, 48 , 1634). 

One of these additive or co-ordination compounds has been 
used medicinally, namely, luargol, or 3:3' -diamino-^'A' -dihydroxy- 
arsenobenzem-silver-bromide-antinum^jl-sulphate [Ci2Hi202NoAs.,]2, 
AgBr, Sb0(H2S04)2, an additive compound of salvarsan base 
with silver bromide and antimonyl sulphate. It is neutralized 
with caustic soda previous to injection, and is stated to be ten 
times as active as salvarsan in cases of sleeping sickness. 

Numerous derivatives of Btibinoarsenobenzene, C^KgSb; 
AsCgH., have been prepared, e,g, the 4:4'-dihydroxy derivative, 
OH.cXSbiAsCgH^.OH, is (Stained by reducing a mixture 
of sodium p- hydroxy phenylarsinate and hydroxy phenyl- 
stibinate, OH • C6H4 • SbO(ONa)2, with sodium hydrosulphite, 
and forms a brownish-black powder insoluble in water. Of 
this type of compound 3-amino-i-hydr(KcyarsenoA'-acetylami7w- 
stibinohenzene hydrochloridey HCl, NH2•CQH3{OH)As:SbCQH4• 
NHAc, gives the best therapeutic results. 
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The antimony analogues of atoxyl and salvarsan are also 
known, and can be prepared by the following series of re- 
actions : 

»-NHAc-CaH4.NH2 -- NHAc-CgH^-NgCl 

HUOj 

— NHAc.CflH4.SbO(OH)2 — NH^ • CflH* • SbO(OH)2, 
with SbCL hydrolysis 

and alkali. 

the antimony analogue of atoxl. 

NHAc.CeH4.SbO(OH)2 — NHAc.CoH3(N02).SbO(OH)2 

nitrated 

— OH.CeH3(N02)SbO(OK)2 

hydrolysed 

— OH(NH2)CeH3-Sb:«b.C6H3(NH2)OH, 
reduced with 
hydrosulphite 

the antimony analogue of salvarsan. 

Sulphoform, triphenylstihine sulphide^ S:SbPhg, colourless 
needles melting at 119°-120° obtained bypassing sulphuretted 
hydrogen cautiously into a solution of ti iphenylstibine chloride 
in alcoholic ammonia, is used in pharmacy for curing eczema 
and similar skin diseases. 

CYCLIC ARSENIC COMPOUNDS 
5:5'-Diamino-l :r-arseno-2:2-stilbene : 

NH2’CgHg<^Qg-|Qjj^C3H3 • NHg, 

contains an 8-membered ring consisting of six C and two As 
atoms {Karrer, B. 1915, 48, 305)^ The corresponding arsinic 
acid is formed frpm 5-nitro-2-methyl-phenylarsinic acid by the 
action of caustic soda and subsequent reduction, and on 
further reduction with hyposulphite yields the ring compound. 
An arsenic analogue of N-metbyl piperidine is: 

OH AgMe 

it 

obtained by condensing dichloromethyl-arsine, AsMeClg, with 
the magnesium derivative of 1 :5-dichloropentane and distilling 
the product (Bull. Soc. 1916 [iv], 19, 151, 290). It is termed 
l-methylarsepedine, is a colourless liquid, b.-pt. 160®, with a 
strong smell of mustard, and is readily oxidized in contact 

with thfl Jiir. 
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LIV. SYNTHETIC DRUGS 

The earlier drugs of Pharmacology were all derived from 
organized structures, mainly of vegetable origin, and even at 
the present time extracts and tinctures of plant tissues are 
frequently prescribed. In many cases, however, the actual 
active principles present in such plant tissues have been 
isolated, and are now generally made use of in preference to 
the simple plant extracts. The advantages of such pure 
chemical compounds are numerous: other substances with 
quite different physiological properties are eliminated, and 
correct relationships between dose and physiological effect can 
be established. Many of these active principles beloilg to the 
groups of compounds known as alkaloids (p. 586) and 
glucosides (p. 631). The chemical study of these compounds 
has, in many cases, resulted in the elucidation of their 
structure, and subsequently led to their synthesis, e,g. atropine 
(p. 599), narcotine (p. 594), adrenaline (p. 810), cocaine 

(p. 600). 

There is still, however, a number of well-known drugs of 
organic origin which have not been synthesized, and which 
are used in large quantities in medicine: well-known examples 
are the alkaloids, quinine and strychnine, and the glucosides 
of digitalis. 

Not only have some of the active constituents of plants and 
animals been synthesized, but, in addition, numerous other 
synthetic products have been introduced into medicine to take 
the place of the older drugs. Hundreds of such compounds 
have been introduced: m§iny have not received general 
recognition, but others have become as well, known in medi- 
cine as the older drugs, e.g, phenacetin, aspirin, novocaine, &c. 
Many of these new synthetic drugs are manufactured from 
by-products obtained in the synthetic dye industry, and un- 
doubtedly the two industries are interdependent on each 
other. 

The syntheses of several wall-known alkaloids have already 
been given, and in this chapter the synthetic drugs are divided 
into the following groups: 

1. Antiseptics. 2. Hypnotics. 3. Antipyretics. 4. Diuretics 
and various. 5. Synthetic alkaloids and substitutes. 
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A. Antiseptics 

1. FORMALDEHYDE GROUP 


Formaldehyde, CHg-O (p. 134) is a powerful antiseptic, and 
its vapour is used for disinfecting rooms. It cannot be used 
directly for internal use as it is highly corrosive and has toxic 
properties. Within recent years numerous condensation pro- 
ducts of the aldehyde have been introduced into medicine, and 
most of these owe their activity to the fact that they slowly 
decompose in the organism, yielding formaldehyde. The most 
important of such derivatives are the colourless, odourless, 
non-irritant products formed by condensing the aldehyde 
with carbohydrates, and the best known of these is the con- 
densation product with lactose known under the name of 
formamint. 


The condensation product with ammonia, viz. hexamethylene- 
tetramine (p. 134), which is usually represented by a bridged 
ring structure: ^ 


is largely used in medicine under the names Hexamine, 
Urotropine, Cystogen, &c., as a urinary antiseptic. It has 
strong antiseptic properties, and its aqueous solution produces 
no irritant effects. Numerous derivatives of hexamine have 
also been introduced, both as antiseptics and as uric acid 
eliminants, mainly as additive compounds with substances 
such as camphoric acid, sodium acetate, sodium citrate, and 
sodium benzoate, Tannoform, a condensation product of 
formaldehyde and tannic acid, CH 2 (Ci 4 Hg 09 ) 2 , is used both as 
an antiseptic and as an astringent. 

Dermatol, a derivative of gallic acid, viz. basic bismuth gallate, 
CjjH 2 (OH)g-COOBi(OH) 2 , is an iodoform substitute, as is also 
airol, a basic bismuth iodide gallate, CgH 2 (OII )3 • CO • OBi(OH)I. 


, 2. PHENOLIC GROUP 

Phenol (p. 436) is one of the common organic antiseptics, 
ana many others are hydroxylated derivatives of benzene 
hydrocarbons. The cresols are more effective antiseptics than 
phenol and are less toxic, but suffer from the fact that they 
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are less soluble in water. Lysol is a solution of cresols in soft 
soap. 

Thymol (p. 442) is used as an antiseptic and also as a poison 
for intestinal parasites such as tapeworms, <fec., but as a rule 
the carbonate, COrO-CgH 3 (CH 3 )C 3 H 7 ] 2 , obtained by the action 
of carbonyl chloride on thymol, and known as h3rinatol is used. 
The polyhydric phenols are more toxic than phenol, and are 
made use of in treating skin diseases. The following derivative 

of ,d-napthol, OH«CioH 3 -CH 2 *C 3 H 3 (OH)COOH, is used in 

1 2 8 

dermatology under the name of epicarine. 

The investigations of Bechold and Ehrlich (Zeit. physiol. 
1906, 47, 173) on the general properties of substituted phenols 
prove that the introduction of chlorine and bromii/e aton^ 
into a phenol increases its antiseptic properties, e,g. s-tribromo- 
phenol (p. 438) is forty-six times as active as phenol, and 
brominated cresols are still more active. Most of these com' 
pounds, however, are too toxic for internal use. According to 
R, von PTalther and Zipper (J. pr. Chem. 1915, 91, 364), 
p-chloro-m-cresol, OH • C^HgCl • CH 3 (1:4:3), prepared by the 
action of sulphuryl chloride on m-cresol, is superior as a 
disinfectant to all other analogous phenol derivatives, and is 
used in conjunction with sodium or potassium ricinoleate to 
increase its solubility. 

The introduction of a carboxylic group into the phenol 
molecule lowers both its toxic and antiseptic properties, and 
o-hydroxy ben zoic acid, or salicylic acid, and its salts are common 
antiseptics (for synthesis cf. p. 483), as is also the phenyl ester 
of salicylic acid known as salol, OH • CgH^ • COgCgHg (p. 484). 
The chief use, however, fjr salicylic acid and its salts in 
medicine is for cases of acute rheumatism, Tjhen its action is 
most marked. As the acid and its salts produce gastric troubles, 
they have been largely replaced by acetyl-salicylic acid, aspirin, 
CH 3 *C 0 * 0 *C 6 H 4 *C 00 H, and its salts. The sodium salt is 
tylnatrin and the calcium kabnopyrin. The natural gluco- 
side, salicin (p. 632), is sometimes administered, as in the 
organism it is hydrolysed tp glucose and salicyl alcohol, 
which is slowly oxidized to salicylic acid. 

Sodium cinnamato (hetol) has been recommended in cas^ of 
tuberculosis, in aqueous or better in glycerol solutions, and 
m-cresyl cinnamate, C^H 5 -CH:CH*COOCgH 4 *CH 3 , known as 
hetocresol, is used as a dusting powder for tuberculous wounds. 

In the organism salol is hydrolysed very slowly to phenol 

(B480) 
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and salicylic acid, and both of these exert their antiseptic 
properties. The method of synthesis of salol has been used 
for the preparation of numerous other esters derived from 
salicylic acid and also from other acids. Some of these esters 
can also be prepared by heating salol with another phenol, 
e,g. quinol, eugenol, carvacrol. Monosalicylin, OH-CHg* 
OH(OH) • CHg • 0 • CO • • OH, is known as glycosal Methyl 

acetylsalicylate, CH3-C0-0-C^jH4*C00CHg, is methylrodin, 
and methyl benzoylsalioylate is henzosalin. ^-Naphthyl sali- 
cylate, which is next in importance to salol, is known as betol 
or mphiholsalol, menthyl salicylate is salit, and phenyl salicyl- 
salicylate is disaloL 

Quaiacol (p. 443) and its derivatives are also used for medi- 
ocnal purposes. A common synthesis is from ()-nitrophenol 
(p. 439), which is transformed into o-anisidine in the following 
stages : — 

— NO2.CflH4.OCH3 — NHa-CflH^.OCHfl. 


The anisidine is then diazotized, and the solution poured into 
a mixture of sulphuric acid and sodium sulphate at 135°-160®, 
when the guaiacol distils over. Guaiacyl carbonate or duotal, 
(OCHg.CflH^. 0)^00, made from the sodium derivative of 
guaiacol ana carbonyl chloride, is less toxic than guaiacol. 
Guaiacyl 'phosphite, phospJiatol, P(0.C6H4.0CH3)3, from phos- 
phorus trichloride and an alkaline solution of guaiacol, the 
benzoate, cinnamate, acetate, and cacodylate have all been 
prepared. The monoglyceryl ether, guaiamar, OH-CHg* 
CH(0H)*CH2-0.CflH4.0CH3, from monochlorhydrin (p. 200) 
and alkaline guaiacol, is soluble in water, and is hydrolysed 
to its components in the organism. Potassium giiaiacol-3- 
sulphonate, 0H-CflH3(0CH3)S03K, known as thiocoUy is less 
irritant than guaiacol. 


3. IODINE COMPOUNDS 


Various iodine derivatives are used as antiseptics, the best 
known of which is the exterial antiseptic iodoform, CHI, 
(p.^66). A compound of iodoform with hexamethylenetetra- 
mine, known as iodoformin, is odourless, as is also the com- 
pound with hexamethylene-tetramine-ethyl -iodide known as 
iodoformal. Both compounds are decomposed by water into 
their components. lodol or tetraiodopyrrole is odourless and 
non-irritant, and resembles iodoform in the fact that its action 
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is probably due to the liberation of iodine. It is prepared by 
the action of iodine on an alkaline solution of pyrrole (p. 547). 

Compounds of the type of s-triiodo-m-cresol prepared by 
the action of iodine on Cj.H 3 (CH 3 )( 0 H)C 02 H (1:3:4), or on 
m-cresol, resemble phenol in antiseptic properties. The iodoxyl 
compounds containing the group *01 have powerful antiseptic 
and anti-syphilitic properties, e,g, aristoly dithymol diiodide, 
C 3 H 7 • C 3 ll 2 Me(OI) • CgH 2 Me(CgH 7 ) • 01. Another type of 
iodine derivative is ^-iodoxy-toluene, isoform^ CH 3 -03114 * 102 , 
valuable as a dry antiseptic. 

4. CHLORAMINE GROUP 

Recently organic chlorine derivatives containing ‘chlorine 
attached to nitrogen have been introduced as disinfectants in 
the place of sodium hypochlorite. Their physiological action 
is similar to that of hypochlorite, but they are less irritant 
and much more stable, and it is easy to obtain aqueous solu- 
tions of definite strength. They are largely used for treatment 
of infected wounds. The compounds are generally known as 
chloramines, and are prepared by the action of hypochlorite 
solutions on compounds containing the NH or NH 2 groups. 
(Cf. Chaitaway^ J, 0. S. 1905, 87, 145.) The commonest of 
these compounds is sodium ^-toluenesulphonechloramide, 
CH 3 -C 3 H 4 -S 02 -NClNa, 3 H 2 O, known generally as chloramine 
T or tolamine. It is made from p-toTuenesulphonylchloride, 
CHg- 0 ^ 114 - 80201 , a by-product in the manufacture of sac- 
charine (p. 478). This is converted by the action of ammonia 
into the corresponding amide, which yields chloramine T 
when warmed with sodium# hypochlorite solution. 

The corresponding dichloro-derivative, diMoramine T, made 
from jo-toluenesulphonamide by the action of bleaching-powder, 
and the carboxylic acid, p-sulphone-dichloramiuobenzoic acid, 
halazone, CO 2 H - C 3 H 4 • SOg - NCI 2 , prepared by oxidizing p~ 
toluenesulphonamide with dichromate and sulphuric acid and 
treating an alkaline solution of the product with chlorine, 
are both good disinfectants. *The latter is recommended for 
sterilizing drinking-water. (Compare Dakin, B. Med. J. 1^17, 
833.) 

6. GROUP OF ANILINE DYES 

Many aniline dyes have antiseptic properties, and several 
of these have found use in medicine, more particularly fon 
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destroying the protozoa characteristic of certain diseases. A 
few of the more important dyes used are: — 

Trypan red, obtained by diazotizing both amino-groups in 
benzidineorthosulphonic acid, NH.^ • CgH 4 • H 3 (S 03 H) • NHg, 

and coupling the diazonum salt with 2-naphthylamine-3:6- 
disulphonic acid. Its structural formula is: 


SOgNa NH- 

<„ 

/ ^ 

SOjNa 


1JLX2 

^ N : N 


■\ 


SO,Na NH, 


SOoNa 

\ 


-<^ ^ N : N / S 

^ SOgNa. 


Trypap blue is obtained by diazotizing o-tolidine (p. 502) and 
c6upling the tetrazo-compound with 8-amino-l-naphthol-3:6- 
disulphonic acid, and has the formula: 

(SOsNa)2(NH,)(OH)CioH,.N2.CeH4.C«H4-N,.CioH3(OH)(NH2)(S05Na)2. 


Characteristic of the dyes of the benzidine series possessing 
trypanocidal properties is the presence of sulphonic acid groups 
in the 3 : 6 positions. 

Brilliant gpreen, the sulphate of the ethyl base corresponding 
with malachite green (p. 512), prepared from benzaldehyde, 
diethylaniline, sulphuric acid, and an oxidizing agent such as 
lead peroxide, has the structure NEt 2 *C,.El 4 -C(C(jH 5 ):C(jll 4 : 
NEtoHS 04 , and is largely used as a general antiseptic. 

Methylene blue (p. 586) is used internally for various 
diseases, including rheumatism, nephritis, &c. 

Proflavine, or 3: 6-diamino-acridine-sulphate, 

/CHv 

NH2.C0H3/ H2SO4, 

is prepared synthetically from ^-p-diamino-diphenylmethane : 
this is nitrated, and then reduced with tin and hydrochloric 
acid, when 2 : 4 : 2' : 4'-tetra-amino-dipenylmethane is obtained. 
The solution containing the reduction product in the form of 
its stannichloride is heated in an autoclave at 140°, when ring 
formation occurs, ammonia is eliminated, and 3: 6-diamino- 
acridine is obtained: 






\/ 


NH2 NH. 




2 \_/ 


NH* 


NH, 




;nh. 
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Trypaflavine, 3;6-diaminomethylacridinium chloride, 



is obtained by acetylating proflavine, methylating the tertiary 
nitrogen atom by means of methyl sulphate, and then elimi- 
nating the acetyl groups and heating with hydrochloric acid. 
These two acridine dyes have been recommended for the 
treatment of wounds; they are highly antiseptic and devoid 
of irritant or toxic action, and do not inhibit the pfocess ol 
healing. 

B. Hypnotics and Ansssthetics 

The oldest of these is morphine, but it has now been largely 
replaced by synthetic materials which are free from the un- 
pleasant and dangerous properties of morphia. General anaes- 
thetics are closely related to hypnotics from a physiological 
standpoint, but are usually volatile compounds, which are 
administered by inhalation, as their effects are then so much 
more rapid and the duration much more readily controlled. 

The hypnotics and general anaesthetics belong to various 
groups of carbon compounds. General anaesthetics comprise 
the group of halogen derivatives of aliphatic hydrocarbons 
and the group containing alkyl, particularly ethyl, groups. 
The non-volatile narcotics include compounds of these types, 
and also many compounds containing the carbonyl group, and 
others contain a heterocyclic nitrogen ring. • 

Various attempts have been made to establish relationships 
between hypnotic action and physical properties. In many 
cases it is found that in a given series of hypnotics the physio- 
logical activity increases with the distribution coefficients of 
the substances for fat and water, or, in other words, with the 
rapidity of diffusion of the substance into protoplasm {Overton^ 
H, Meyer), There are various substances, however, wjjich 
have a high distribution coefficient, but are without hypnotic 
action. According to Trauhe, the osmotic permeability, or in 
other words the surface tension of the substance, determines 
the narcotic action. In reality both surface tension and the 
distribution coefficient are important physical factors affecting 
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hypnotic action. Baglioni suggests that the narcotic action is 
due to deprivation of oxygen, and it has been shown that 
chloroform, ether, and chloral hydrate diminish the oxidizing 
capacity of tissues. 

1. HALOGEN ANESTHETICS AND HYPNOTICS 

The best-known halogen anaesthetic is chloroform (p. 63). 
Pure chloroform is unstable, and is decomposed by air and 
moisture, yielding phosgene, which is highly injurious. This 
decomposition is prevented by the addition of about 2 per cent 
of ethyl alcohol. 

A German process for the manufacture of chloroform con- 
sists in Witurating alcohol (95 per cent) with chlorine, and 
then allowing the chlorinated product to flow over calcium 
hydroxide mixed with a little bleaching-powder. The other 
halogen derivatives of methane also possess hypnotic action, 
which tends to increase with the amount of chlorine present, 
thus carbon tetrachloride is more effective than chloroform, 
but is not generally used, as it is more toxic. Ethyl chloride 
(p. 61) is used both as a general and a local ana 3 sthetic, but 
its use for the latter is simply due to the low temperature 
produced by its rapid evaporation. Chloral hydrate, which is 
non-volatile, is a common hypnotic; it cannot be injected sub- 
cutaneously, as it has a deleterious after-effect on the heart. 
Its activity is not due to the formation of chloroform, as tri- 
chloroethyl alcohol and not chloroform is formed in the 
system. Many compounds and derivatives of chloral are 
used, but all these depend on the primary liberation of chloral, 
and have few or no advantages ov?r chloral hydrate. Chloral- 
formamide, CClg - 1011 ( 011 ) -NH *0110 {chlaixilamide) is a mild 
hypnotic and sedative. Dormiol, CClg-CH(0H)-0-CMejj- 
CH.,-CH 3 , is a condensation product of chloral and tertiary 
amyl alcohol. Chloral urethane, CClg • OH(OH) • NH • COgOgHg, 
yields a soluble ethyl derivative known as somnal. 

Tertiary trichlorobutyl alcohol, CCI 3 - 0 ( 0113 ) 2011 , ohlore- 
tone, obtained by condensing acetone and chloroform ^in the 
pre^nce of potassium hydroxide, is a crystalline solid, m.-pt. 
96^", and has no irritant action on the stomach, but acts as a 
sedative, and is used in cases of sea-sickness and vomiting. 
Bromal hydrate in large doses has an anaesthetic action. 
Various bromine derivatives act as mild hypnotics. Some 
of these are: Bromopin, a compound of bromine and sesam^ 
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oil which can be used as a substitute for potassium bromide ; 
sodium a-bromoisovalerate, valerobromine, CH(CH3)2«CHBr* 
COgNa ; bornyl a - bromoisovalei*ate, CH (0113)2 • CHBr • 
CO.,Cif)H7, bromovalol or eubomyl) and a-bromoiso-valeryl- 
urea, CH(CH3), • CHBr . CO • NH • CO • NHg, bromnrul or 
dormigene, ana also bromo- derivatives of protein, e,g, 
bromoglydine and bromalbin. Analogous iodine compounds 
are also used, e.g, iodipin, analogous to bromopin, iodival, or 
iodoisovalerylurea, and iodo-derivatives of proteins; most 
of these compounds are used as substitutes for alkali iodides 
which often produce unpleasant symptoms. 

2. ETHYL ANAESTHETICS 

A second important group of anaesthetics comprises the 
compounds containing alkyl groups attached to OH or 0 . 
Methyl groups appear to be inactive, but compounds contain- 
ing ethyl, and especially tertiary alkyl groups, e.g, -CMe^, 
• CMe,Et, and CEt.^ have strong hypnotic action. Ethyl 
alcohol is useless, as very large doses are required to produce 
sleep, probably owing to the readiness with which it is oxidized 
in the tissues. Ethyl ether is a very common anaesthetic. 
The higher alcohols are not employed, as they are not 
readily volatile. Derivatives of urea containing a tertiary 
alkyl group are also efficient hypnotics, tertiary-amyl-urea, 
NH2*CO*NH«CMe2Et, being one of the best. Certain 
ureides are also used. Diethylmalonylurea or diethylbar- 
bituric acid is the w^ell-known veronal (p. 298 ) ; the activity of 
the corresponding dipropyl compound is so intense that it is 
too dangeous for general use. These dialkylated barbituric 
acids can be prepared by ^condensing dialkylmalonic esters 
with urea in the presence of sodium ethoxide: 

CEt2<;^^Qgj + -* + 2EtOH, 

Many of the urethanes (p. 291 ) exhibit hypnotic properties; 
the best known of these is hedonal, methylpropylcarbinyl 
urethape, NH2*CO*OCH(CH^)C3H7, prepared by the action 
of urea nitrate on methyl propylcarbinol. ^ 

Most ketones can act as liypnotics. Those containing ethyl 
groups are more active than those containing methyl; the 
true aromatic ketones have only a mild action, but mixed 
ketones, e.g. acetophenone, hypnone, C^^H^ • CO • CH3, and 
phenyl ethyl ketone, C^jH3'CO-C2H5, are much more Rotive. 
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3. SULPHONES 


A group of great practical importance are the sulphone 
derivatives, the most important representatives of which are 
sulphonal, 0(0113)2(80^02115)2, and trional, OH3. 0(03115) 
(SOgOgHg^g. Sulphonal is manufactured by condensing acetone 
and ethyl mercaptan in the presence of zinc chloride and 
oxidizing the resulting mercaptol with excess of perman- 
ganate (p, 14 : 2 ). Trional can be prepared in a similar 
manner by replacing acetone by methyl ethyl ketone, and 
using hydrogen chloride as a condensing agent. An alternative 
method is to condense acetaldehyde with ethyl mercaptan, 
oxidize the mercaptol, and then ethylate with ethyl iodide 
a*hd alkali: 

CHg-CHiO — CH3.CH(SC2H5)2 CH3.CH(S02C2H6)2 

CH3.C(C2H5)(S02C2H5)2. 


Baumann and Kad (Zeit. physiol. 1890 , 14 , 52 ) have inves- 
tigated the relationship between the constitution and physio- 
logical activity of sulphone derivatives. The compounds, 
CHg(SOgCH3)2, CHg(SO«CgHp2, SO.CA.CHg.CHg.SOgCgHg, 
are inactive, also CH3 • CH(S02CH3)2, whereas CHg • Cfl 
(S02 CoH 5)2, ethylidene diethylsulphone and €(02115)2 
(8020113)2 have activities comparable with that of sulphonal. 


C. Antipyretics 

Quinine is able to reduce the body temperature in cases of 
fever, i.e. it is an antipyretic, but at the same time it has 
a specific effect against malaria. ^ The first synthetic experi- 
ments were made with the object of obtaining substances 
comparable with quinine, which was known to be a quinoline 
derivative, although its structure was not then established. 
Various alkylated tetrahydroquinolines were prepared and 
shown to possess antipyretic action ; kairine, 1 -e thy 1 - 5 - 
hydroxytetrahydroquinoline is one of the most effective, but 
all these compounds are useless as they are toxic to red 
blopd corpuscles. K'norr was the first to produce a valuable 
synthetic antipyretic in 1887 in the substance known as 
antipyrine (p. 558 ). This compound has greater antipyretic 
ictivity than quinine, but has no specific action apinst 
nalaria. Like many of the synthetic antipyretics it has a 
[)ower(ul analgesic action, i,e, it can act on the nervous 
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system and soothe pain, especially neuralgic pain. Nuniorous 
derivatives have been put on the market, but most of these 
are not superior to the original antipyrine. A valuable 
derivative is pyramidone, 4-dimethylamino-antipyrine: 

(3) 

!kIe»CMe 

•C-C-NMeg’ 

(4) 

which is prepared by the following process from antipyrine: 
nitrous acid yields the 4-nitroso derivative, and this is readily 
reduced to the corresponding amine, which when methylated 
yields pyramidone. 

The cheapest of all antipyretics is acetanilide (antiUfebrine) 
(p. 406). It has valuable antipyretic and analgesic properties?, 
but suffers from the defect that aniline is gradually liberated 
in the system, and symptoms of aniline poisoning may become 
apparent. Various other anilides have been suggested for 
use but have met with little favour. 

Phenylurethane, • NH* COgCgHg (euphorin), from 

ethyl chloroformate and aniline, has marked analgesic pro> 
perties, 

Phenacetin, |?-ethoxyacetanilide, OCgHg • • NH • CO • CH3 

(p. 440), is the best-known representative of the |^amino- 
phenol derivatives, and the corresponding methoxy derivative 
is even more active, but is also more toxic. The propyl and 
butyl ethers are much less active. The idea that derivatives 
of ^-aminophenol might be useful as drugs was suggested 
by the observation that this is the main product formed 
when aniline and its simple derivatives are introduced into 
the organism. Numerous derivatives of phenacetin have been 
tried but none has any advantage; in all cases the therapeutic 
effect appears to be due to the liberation of ^-aminophenol or 
of its ethyl ether in the tissues. The ethyl derivative, 
OEt-CgH^'NEt-CO'CHg, is even more efficient than phen- 
acetin, but its higher cost militates against its use. Numerous 
compounds in which the acetyl group of phenacetin is replaced 
by oth^r acyl groups, e,g, ladtyl, diacetyl, salicyl, mandelyl, 
have been examined but are not so effective as the ao^tyl 
compound. Various condensation products of phenetidine, 
OC2H5*CgH4*NH2, with aldehydes have been prepared, e,g. 
with salicylaldehyde, vanillin, and vanillin ethyl carbonate. 
Amino -phenacetin, penocoll, OEt«CgH4*NH*CO*CH2*NH2. 
prepared from ammonia and bromoacetylphenetidine, is^imilai 


c,h,n/ 


% 
\co 
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in action to phenacetin, it has a greater analgesic action, and 
is a good substitute for salicylic acid in cases of rheumatic 
fever. 

A very common drug is acetylsalicylic acid, CHg-CO-O* 
CgH 4 'C 02 H, aspirin, and is made by the action of acetyl 
chloride and zinc chloride, or of sodium acetate and acetic 
anhydride on the acid. Salicylosalicylic acid, diplosal, 
OH-CgH^-CO'O'CgH^'CO^H, and succinylsalicylic acid, di- 
aspirin, are also used. 

Derivatives of Ethylamme. — Drugs with sj^mpathomimetic 
action, i.e, drugs which stimulate the sympathetic nervous 
system and produce rise in blood pressure. 

The i??ost important of these is /-adrenaline, 3:4-(OH)2CgHg- 
C/H( 0 H)«CH 2 'NH«CH 3 , a crystalline compound obtained 
from the suprarenal glands {Takamhie, Am. J. Pharm. 1901, 
73, 523; for constitution compare Jowett, J. C. S. 1904, 85, 
192). The constitution is confirmed by the fact that the 
oxidation product known as adrenalone is identical with the 
synthetic compound derived from methylamine and chloro- 
acetylcatechol, and must be represented as (OH)oCeHg*CO* 
CHg'NH^CHg (Friedmann). Adrenaline is formed when the 
sulphate of the amino-ketone is reduced with aluminium 
amalgam or electrolytically. An interesting synthesis (Jap. 
Pats. 1918) is from protocatechuic aldehyde: this is converted 
into the diacetyl derivative, which condenses with nitro- 
methane in feebly alkaline solution, giving /^-hydroxy : /J 3 : 4- 
diacetoxyphenylnitroethane (OAc) 2 CgH 3 • UH(OH) • CH 2 • NOg ; 
when this is mixed with formaldehyde and reduced with zinc 
and acetic acid, the diacetyl derivative of adrenaline (OAc )2 
CftH 3 ‘CH(OH)*CH 2 -NHMe is formed, and this on hydrolysis 
gives adrenaline.* r-Adrenaline can also be prepared by con- 
densing protocatechuic aldehyde with hydrogen cyanide, 
reducing the resulting nitrile to the primary amine, which 
is then methylated, 

(OH)2C0H3.CHO (OH)2CeH3.CH(OH).CN 

(OH)2aH3.CH(OH).CH2.NH2 
— (OH)jC9‘Hs-CH(OH).CH2.NHCII3. 

The racemic compound can be resolved by means of rf-tartaric 
acid and also by means of Penicillium glaucum This method 
is not used commercially. It is interesting to note that the 
/-compound is about twelve times as active physiologically as 
the cofresponding d-compound. 
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The methylene and dimethyl ethers of adrenaline have also 
been synthesised, the dimethyl from veratraldehyde and 
the methylene ether from piperonal (p. 454), as denoted by 
the following scheme, where E represents either the 
(OMe) 2 C 6 H 3 or CHgO^CgHa groups: 

R.CHO — K.CH(0H).0H3 — R-CHiCHs 

CHs-Mg-l heat 

— R.CHBr.CHgBr -- R.CH(OH).CH 2 Br 

Aqueous 

acetone 

— E.CH(0H).CH2-NH.CH3. 

CH3*NH2 

• 

Adrenaline is largely used in conjunction with the local 
anaesthetics cocaine and eucaine, as it tends to check bleeding; 
it is also used to neutralize the toxic effects of cocaine, and is 
used as a specific for hay fever. 

The parent substance of the group of adrenaline derivatives, 
viz. parahydroxyphenylethylamine, t^amine, OH * 00114 ‘CHo* 
CHg-NHg, can be obtained by elimination of carbon dioxide 
from tyrosine (p. 485 and 740), OH*CoH4*CHo'CH(C02H)* 
NH 2 ; it is present in putrid meat, and is undoubtedly derived 
from the tyrosine present in the meat, just as phenylethylamine 
and isoamylamine, which are also present in putrid meat, are 
derived from the corresponding carboxylic derivatives, phenyl- 
alanine (pp. 479 and 733), and leucine (p. 224). Parahydroxy- 
phenylethylamine is also present in the aqueous extract of 
the drug ergot, and its synthesis has led to its therapeutic 
use. The following synthetical methods have been adopted: 

1. /^Hydroxybenzyl cyanide on reduction with sodium and 
alcohol yields the amine {Barger^ J. C. S. 1909, 95, 1123). 

2. Phenylethylamine from benzylcyanide is benzoylated 
and then nitrated, the nitro compound is reduced to the 
corresponding amine, and this, by means of nitrous acid, 
transformed into the hydroxy derivative, and finally the 
benzoyl group is removed by hydrolysis {Barger and Walpole^ 
ibid. 1720). 

CoHfi.t^Ha-CHa-NH-COPh — iN02-06H4.CH2-CH2-NH*OOPh 

— NH2-CoH4-CH.,*CH2-NH*C<iPh 
— OH.CoH4*CH2-CH2-NH*COPh 
OH.CoH4*CH2-CH2-NH2. 

3. Anisaldehyde and nitromethane react in the presence 
of dilute alkali, yielding /8-nitro-^-methoxycinnamene ; this k 
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reduced to the corresponding saturated amine, and the methyl 
ether converted into the free phenol by means of hydriodic 
acid {RosenmuTidy B. 1909, 42 , 4778): 

CH 30 -CeH 4 .CH :0 — CH 30 .CeH 4 .CH:CH.N 02 

— CH3O.C6H4.CH2-CH2.NH2 — OH.C6H4.CH2.CH2.NH2. 

4. Starting with anisaldehyde, ^-methoxycinnamic acid is 
prepared by condensing with ethyl acetate in the presence 
of finely-divided sodium. This acid is reduced to the corre- 
sponding saturated acid, which is converted into its chloride 
and then into the amide, which, by the Hofmann reaction, 
yields the amine. The last stage consists in converting the 
methoxy into the hydroxy group by means of concentrated 
bydrobromic acid: 

CH30.C6H4.CH:0 — CH3O.C6H4.CH2.CH2.CO2H 

— CH3O.C6H4.CH2.CH2. CO. NH2 
— CH 3 O.C 6 H 4 .CH 2 .CH 2 .NH 2 
— OH.C 6 H 4 .CH 2 .CH 2 .NH 2 . 

A number of compounds analogous to adrenaline but minus 
the hydroxyl of the secondary alcoholic group have been syn- 
thesised. The three following syntheses are typical : — 

1. 3:4-dihydroxyphenylethylamine, (OH) 2 »C 6 H 3 .CH 2 *CH 2 * 
NH 2 (Mannich and Jacobsohn, B. 1910, 43, 189): 

(OMe)2C6H3.CH«.CH:CH2 — (0Me)2C6H3.CH2.CH:0 

Eugenol methyl ether Ozone 

— (0Me)2C6H3.CH2.CH:N.0H 

NHj.OH 

— (OMe)2C6H3.CH2.CH2.NH2 
Sod. amalgam 

(0H)2C6H3.CH2.CH2.'NH2. 

HI 


2. 3 ; 4-dihydroxyphenylethyl - methylamine, ( 0 H) 2 C 6 H 3 • 
CH 2 -CH 2 -NH.CH 3 {Pyman, J. C. S. 1910, 97, 264), from 
l-keto-6:7-dimethoxy-2-methyl-tetrahydroquinoline and hydro- 
chloric acid at nO^-nS": 


CH 2 


.CH 




CH,0! 


CHj 

NCH, 


\/\/ 

CO 


(OH) ah, • CHj . CH, . NH • CH,. 
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The methyl groups are removed, the ring is broken between 
the carbonyl group and nitrogen atom by the addition of 
water, and finally carbon dioxide is eliminated. 

3. Hordenine, ^-hydroxyphenylethyl-dimethylamine, a sub- 
stance present in germinating barley, from phenylethyl alcohol 
{Barg&t\ J. C. S. 1909, 96, 2193): 

CeHfi.GHg-CHa-OH — 

PCI5 

-* CeHs-CHj.CHj.NMej /^-NOj-CgH^-CHj.CHj.NMeg 
NHMe.7 HNOj 

— "NH2-CgH4.CH2.CH2-NMe2 — OH.CeH4.CH2-CH2-NMe2. 
Sn+HCl HNOa ^ ‘ 

Hordenine is now made by methylating p- hydroxy phenyl- 
ethylamine with methyl chloride. • • 

Barger and Dale (J. physiol. 1910, 41, 19) have made a 
careful comparison of the physiological properties of these and 
numerous similar compounds. Some of the conclusions they 
arrive at are : 

1. The sympathomimetic action is characteristic of a large 
series of amines, the simplest being the primary aliphatic 
amines. 

2. As the structure of the amine approaches that of adren- 
aline the activity increases. The optimum effect is attained 
with a carbon skeleton consisting of a benzene ring with a 
side chain of two carbon atoms, the terminal one bearing the 
amino group. Another condition for optimum effects is the 
presence of two phenolic hydroxyl groups in the positions 
3:4 relative to the side chain. When these are present an 
alcoholic hydroxyl still further intensifies the activity. A 
phenolic hydroxyl in position 2 has no effect. 

3. The quaternary ammonium salts corresponding with the 
amines related to adrenaline and tyramine have an action 
similar to that of nicotine. 

D. Diuretics and Uric Acid Eliminants and 
Various Drugs 

* ♦ 

Most purine derivatives have diuretic action. The best 
known of these is caffeine, which is obtained from natural 
sources (p. 303), but its use in medicine is largely as a cerebral 
stimulant and a cardiac tonic in conjunction with other drugs, 
e.g. aspirin. The most powerful diuretic of the group is theo- 
phylline, l:3-dimethylxanthine (p. 303), and is manufactured 
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by TraMs synthetical method (13. 1900, 33 , 3063). Dimethyl- 
carbamide and cyanoacetic acid condense in the presence of 
phosphorus oxychloride yielding (I), which is transformed by 
alkali into the cyclic base (II). This base yields an isonitroso 
compound (III), which can be reduced to the corresponding 
diamine (IV) by means of ammonium sulphide. The diamine 
with formic acid yields a formyl derivative (V), which gives 
theophylline (VI) when heated with alkali. 

^ CO-CHg-CN C0-CH2*C:NH 

NMe-CO.NHMe. NMe-CO-NMe. 


OO.C(:N.OH).C:NH 
NMe.CO NMe. 

' ^ CO-C(NH.CHO):C.NHj 
NMe.CO NMe. 


C0.C(NH2):C^NH2 
NMe . CO . NMe. 
NH.CH:N 

VI. CO . C C 

NMe.CO NMe. 


Numerous remedies for gout have been suggested; these 
are either recommended with the idea of preventing the 
formation of uric acid or of dissolving it when formed and 
eliminating it from the system. Compounds of the first type 
are relatively complex acids, e,g, quinic acid from coffee beans 
(p. 487), diphenyl tartrate, hippuric acid (p. 472), salicylic 
acid derivatives. 

Of uric acid solvents, piperazine, the reduction product of 
pyrazine (p. 584), was first obtained by Hofmann by the 
action of ammonia or ethylene dichloride or dibromide, and is 
most readily purified by means of its di-nitroso derivative, 
which yields the base when treated with hydrochloric acid or 
reducing agents. Another method ^’s from ethylene dibromide 
and aniline. The product is diphenyl piperazine (I); this with 
nitrous acid yields a nitroso derivative (II), which is hydro- 
lysed by caustic soda to piperazine and ^-nitrosophenol. 

I. CeH,.N<gH»;OHp,N.CeH,. 



V3^ious salts of piperazine are also used, e,g, piperazine 
quinate is urol or sidonal, and the tartrate of dimethylpipera- 

CHo.N=-v 

zine is lysetol. The compound, lysidine, 

has a solvent action eight times as great as that of piperazine. 
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Numerous hexamethylenetetramine derivatives have also 
been recommended as uric acid eliminants. 

PURGATIVES 

Many of the milder natural purgatives, such as cascara, 
senna, aloes, and rhubarb, appear to contain hydroxy deriva- 
tives of anthraquinone (p. 537) as their active constituents, 
and a number of synthetic hydroxy derivatives of anthra- 
quinone have been investigated. Of these the most active 
is anthrapurpurin or the 1 :2:7-trihydroxy derivative (p. 538). 

Certain derivatives of aloin, the active principle of aloes, 
have been prepared and used, e.g. the condensation product 
of aloin with formaldehj^de, and tribromoaloin and jtriacetyl- 
aloin. * 

GLYCEROPHOSPHATES 

These compounds are of interest from their relationship to 
one of the chief constituents of nervous tissue, viz. lecithin. 
This is a triglyceride containing two complex acyl ^oups, 
such as those derived from stearic, palmitic, oleic, and other 
acids, and the third hydrogen is replaced by a choline-phos- 
phoric acid group (p. 203), e.g, 

R-C0-0.CH2-CH(0.C0R).CH2-0-P^0H 

\OC2H4NMe3OH, 

where R represents a complex alphyl group such as 

Synthetic sodium glycerophosphates have been introauced 
as nerve tonics; the monosodium salt, ONa-PO[OC3H5(OH)2]2, 
can be prepared from monosodium phosphate and glycerol 
(2 mols.) by heating under reduced pressure, and if this is 
saponified with caustic soda the ^-disoidium glycerophosphate, 
0H.CH2-CH[0.P0(0Na)2]-CH2.0H, is formed. 

E. Synthetic Alkaloids 

(a) Attention has already (p. 593) been drawn to the 
various esters of quinine which are used instead of the natural 
alkaloid, as they are free from the bitter taste of the letter. 
These esters are much more expensive than quinine, and are 
not so generally used. The absence of bitter taste is largely 
due to their insolubility, and in the organism they are hydro- 
lysed to quinine and the corresponding acid. Euquinine js 
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manufactured by the action of ethyl chloroformate, Cl • COgCgH^, 
on quinine. 

(b) Synthetic tropeines , — Homatropine (p. 599), the tropiiie 
ester of mandelic acid, C^jHg • CH(OH) • CO • OCgHj^N, is pre- 
pared on the large scale from its components, and is used as 
a substitute for atropine, as it is less toxic and its myriadic 
action develops and passes off more readily. 

(c) Cocaine substitutes , — A synthetic local anaesthetic which 
has come into general use is ^-eucaine, benzoylvinyl-diacetone- 

alkamine hydrochloride, 

(flames, B. 1896, 29, 2730; A. 1897, 2^4, 372; 296, 328; 
1898, 299, 346). It can be synthesized by the following 
series of Reactions : Acetone and ammonia yield diacetonamiiie 
(p. 140), which condenses with aldehyde, yielding the cyclic 
vinyldiacetonamine; this can be reduced to the corresponding 
secondary alcohol by sodium amalgam, and then benzoylated : 

NH<ga;?ci>CH.OH 

NH<gMvCHip>CH.O.CX).CeH,. 


Holooaine, the hydrochloride of is 

used in ophthalmic surgery, and is manufactured by con- 
densing phenetidine (p. 440) with its acetyl derivative phen- 
acetine : 


rSgN-CeHs.OEt 
CH3.C 0:NH'.C6H4.0Et 



It is sparingly soluble, and its solutions keep well, but it has 
toxic properties. 

Stovaine, methyl-ethyl-dimethylaminomethyl-carbinyl ben- 
zoate, CgHg-CO'O-CMeEt-CH^-NMeo, HCl, is a well-known 
anaesthetic, and is a representatW^ of the group of compounds 
known as alkamine esters, which contain the grouping 
E*C0*0«C*C«NR. It is synthesized by the action of mag- 
nesium ethyl bromide on dimethyl-amino-acetone and benzoyla- 
tion of the product 

CH3.CO.CHa.NMe2 — OH.CMeEt.CHg.NMea. 
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Alypine is the corresponding tetramethyldiamino-di-methyl- 
ethyl-carbiiiyl benzoate, CgH5*C0*0*CEt(CH2NMe2)2. 

Numerous derivatives of amino- and hydroxyamino-benzoic 
acids have been introduced: the diethylglycine derivative 
of methyl 2-hydroxy-5-aminobenzoate, NMeg-CHg-CO-NH* 
CgH3(0H)«C02Me, is nirvanine; ethyl j?-aminobenzoate is 
anSBsthesine, and its salt with ^-phenolsulphonic acid is used 
for hypodermic injections under the name suboutin. Novo- 
caine, the hydrochloride of diethylaminoethyl^aminobenzoate, 
NH.-C,H4.CO.O.CH2.CH2-NEt2,HCl, is the most widely 
used of all local anaesthetics, as it is non-irritant, and only 
about one-seventh as toxic as cocaine. The following synthetic 
methods are used for its preparation : — 

1. Condensation of ^-nitrobenzoyl chloride with 'ethylene 
chlorhydrin, heating the product with diethylamine at lOO*'- 
120°, and reducing the nitro group by means of tin and hydro- 
chloric acid : 

N02-CeH4.C0Cl — N02-CeH4.C0-0.CH2-CH2Cl 

N02-C6H4.CO-O.CHo.CH2-NEt2 

NH2-CeH4.CO.O.CH2-CH2-NEto. 


2. Ethylene chlorhydrin and diethylamine are condensed to 
form chlorethyldiethylamine, which is then heated with sodium 
p-aminobenzoate : 

Cl-CH2-(Tl2-OH Cl.CHg-CHg-NEtg 

— NH2-CeH4.(JO.O.CH2-CH2-NEt. 


3. j[?-Aminobenzoic acid is condensed with ethylene chlor- 
hydrin at 100° in sulphuric acid solution, and the product 
then heated with diethylamine at 100°-110°, or alternatively 
/J-bromoethyl ^^-nitrobenzoate is synthesized from sodium 
p-nitrobenzoate and ethylene bromide, and this is then con- 
densed with diethylamine and the nitro group in the resulting 
product reduced. 


MORPHIN® ALKALOIDS 

Morphine has not been prepared synthetically, out numer- 
ous synthetic products have been obtained from it (cf. p. 597). 
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F. Constitution and Physiological Activity 

The production of a large number of new synthetic drugs 
has led to the study of the relationship between chemical 
constitution and physiological action or therapeutic effect. 
Numerous generalizations have been drawn, but, as a rule, 
these only hold within very narrow limits, and it may be 
stated that, on the whole, the relationships between chemical 
constitution and physiological activity still remain obscure. 

The introduction of a sulphonic acid group into the mole- 
cule of a physiologically active substance usually reduces the 
activity; thus the sodium salts of phenolsulphonic acid and 
morph ine-sulphonic acid are devoid of the activity character- 
istic of the parent substances. A carboxyl group has much 
the same effect, but if the carboxyl group is esterified the 
product frequently regains its toxic properties. The acetyl 
group often produces a diminution in toxic properties, as 
shown by a comparison of aniline and acetanilide. 

An increase in toxicity and physiological activity is fre- 
quently produced by reducing a cyclic system containing 
nitrogen, as shown by a comparison of pyrrole, pyridine, and 
j8-naphthylamine with pyrrolidine, piperidine, and tetrahydro 
jS-naphthylamine. 

Nearly all amines, including alkaloids, when converted into 
quaternary ammonium salts lose their characteristic physio- 
logical effects, and become strong paralysers of motor nerve 
endings. Similar physiological effects are produced by phos- 
phonium, arsonium, and sulphonium salts. An increase in 
the number of olefine linkings frequently produces marked 
physiological effects. This is shown by a comparison of allyl 
with propjd alcohol and of carvone (p. 614) with the saturated 
analogue menthone. In both cases the unsaturated compound 
has greater physiological activity. 

The introduction of hydroxyl groups into the benzene ring 
increases the activity, whereas in the aliphatic series the 
introduction of such groups dinpnishes activity, as shown by 
a comparison of the inert sugars with the toxic simple alde- 
hydes. 

The alphyl nitrites tend to produce a dilatation of the 
blood-vessels or to lower the blood pressure. This property 
is most marked with amyl nitrite and least with the methyl 
Qompound. A similar property is characteristic of certain 
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nitrates, particularly glyceryl trinitrate and erythryl tetra- 
nitrate, which are largely used in medicine. The aliphatic 
nitro-compounds, which are isomeric with the nitrites, are 
strong poisons and do not reduce blood pressure. 

Optical isomerides do not necessarily possess the same 
degree of physiological activity; thus atropine is intermediate 
in activity between the d- and Z-hyoscyamines, which exhibit 
markedly different properties; i-nicotine is twice as poisonous 
as J-nicotine, and the two asparagines (p. 259) have different 
tastes. 

The fate of drugs in the organism has received much atten- ' 
tion. As a rule substances which are extremely readily 
decomposed, or substances which pass through t^ system 
quite unaltered, are of little value as drugs. The mafn 
changes which occur in the organism are (a) hydrolysis, 
(h) oxidation, (c) reduction. Hydrolysis can be due to the 
slightly acid stomach juices containing pepsin, or, in the case 
of esters, to the slightly alkaline juices of the small intestine, 
which contain the pancreatic enzyme trypsin. One of the 
objects of synthesizing new products is to obtain substances 
which can pass the stomach without undergoing hydrolysis, 
but which are readily hydrolysed in the small intestine, yield- 
ing products which can then exert their specific action. 

Oxidation frequently takes place, more particularly in the 
tissues or blood. Many aliphatic compounds are oxidized to 
carbon dioxide, water, and urea; others to acids. Many 
aliphatic compounds containing methyl groups or halogen are 
not readily oxidized. With aromatic compounds containing 
side chains the side chain is usually oxidized, but the benzene 
ring left intact. Compounds of the type • CHg* CH(NH 2 ) • 

COgH are completely oxidized. Another •type of oxidation 
is the formation of phenolic hydroxy groups, e,g. aniline yields 
p-aminophenol. Keduction also takes place in the blood and 
tissues, but is not so common as oxidation. Nitrobenzalde- 
hydes can give rise to aminobenzoic acids and picric acid to 
dinitroamino-phenol. 

As |L rule the primary products of change, if they are toxic, 
are not excreted as such, but in the form of compoundsbwith 
sulphuric acid or glycuronic acid, CHO • (CH • OH)^ • COgH. Thus 
phenol always forms sodium phenyl sulphate, S 02 ( 0 Na) 0 Ph, 
a non-toxic substance. Salicylic and benzoic acids are partly 
eliminated in the form of derivatives with glycine, Le, in the 
form of compounds of the hippuric acid type. 
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LV. SYNTHETIC DYES 

Before Perkin's synthesis of the first aniline dye in 1856, 
the dyestuffs used in dye-houses belonged to the group of 
natural colours, and were prepared from vegetable and animal 
tissues, e,g. alizarin from madder, fustic from the sumach tree, 
cochineal from the cochineal insect, Coccus cacti, and lac dye as 
a by-product in the manufacture of lac from the lac insect. 
Coccus lacca. At the present time nine-tenths of the dyes 
used in the cotton, woollen, and other industries are of syn- 
thetic origin, and are derived from coal-tar. A few natural 
dyes are still used ; the most important of these are the log- 
w/)od dyes, used for blacks on animal fibres and substances of 
the type of anatto and turmeric, which are used for colouring 
foodstuffs. In two cases severe competition has occurred 
between the natural dye and the same dye produced syntheti- 
cally; in the one case, alizarin, the synthetic product has 
completely replaced the natural dye, and in the other, indigo, 
the natural product has become replaced to such an extent 
that the area under cultivation has diminished enormously. 

The number of artificial dyes is very large: in 1914 Ger- 
many produced about 900 different types of dyes, and new 
ones are continually being added. Some of the simpler of 
these, such as azo dyes, triphenylmethane dyes, and alizarin 
have been referred to in earlier chapters. 

The extent of the synthetic dye industry can be gathered 
from the fact that in 1912 Germany produced dyestuffs to the 
value of £12,500,000, and that in the same year England 
used dyes to the value of £2,000.000, 90 per cent of which 
were imported. It is claimed that the United States of 
America in 1918 produced dyestuffs to meet all her demands, 
and in addition a quantity for export equivalent to £2,000,000. 
The war also gave a stimulus to the manufacture of dyes in 
England, France, Italy, and Japan; thus in 1917 Japan pro- 
duced about 9,000,000 lb. of dyes. 

The more important synthetiq dyestuffs can be classified as 
follows: — 

A. Nitroso- and nitro-dyestuffs. 

B. Azo-dyes. 

C. Stilbene, pyrazole, and thiazole dyestuffs. 

D. Di- and tri-phenylmethane dyes. 

E. Xanthene dyestuffs. 



AZO-DYES 


821 


F. Acridine and Quinoline dyestuffs. 

G. Indamine and Indophenol dyestuffs. 

H. Azines, Oxazines, and Thiazines, 

I. Hydroxy-Ketone dyestuffs. 

J. Sulphide dyes. * 

K. Vat dyestuffs : Indigo and Indanthrenes, 

The grouping is based on chemical relationships rather ihan 
on any similarities in dyeing properties. 


A. Nitposo- and NitPO-dyestuflFs 

A good mordant dye is produced by the introduction of *one 
or more hydroxyl groups into the molecule of an .aromatic 
nitroso derivative, the chromophore being the nitroso grouj). 
Examples are : Eesorcine green, 2:3: 6-trihydroxy nitroso- 
benzene; the three gambines, R = 1- hydroxy -2 -nitroso-, 
7 = l-nitroso-2-hydroxy, and B = l-nitroso-2 : 7-dihydroxy- 
naphthalene. They are generally used with an iron mordant. 

Examples of nitro-dyestuffs are: Picric acid (p. 439), salts 
of 2:4-dinitro-l-naphthol or Martins yellow, and the commoner 
naphthol yellow S or sodium 2:4-dinitro-l-naphthol-7-sul- 
phonate (p. 530). 

B. Azo-dyes 


The formation of simple acidic and basic azo-dyes derived 
from benzene, e.g, the chrysoidines and tropseolines, by the 
coupling of a diazonium salt with a phenol or an arylamine * 
has been referred to in an earlier chapter (p. 424). It is 
probable that the first stage in the coupling is the addition 
of the diazonium salt to<-j>ho N atom of the amine or the 
0 atom of the phenol or phenolic ethes**, e,g, CgH.-NEtn 
Cl 

— *• CgHj-NEtg^^.^Q jj , and the subsequent wandering of 

the NgPh group into the nucleus, and the elimination of 
hydrogen chloride (B. 1914, 47 , 1275; 1915, 48 , 1398). 

The coupling of the diazonium salt with an alkaline solution 
of a phenol takes place morj readily than with an acid solu- 
tion of an amine. In the former case, however, a large gxcess 


* Coupling does not occur between a diazonium salt and an aromatic 

hydrocarbon, or a halogen derivative, but the introduction of CH#, NOc, Cl 
and other groups into a phenol or amine facilitates coupling, and the 
presence of negative groups tends, as a rule, to make the diazonium salts 
more stable. 
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of caustic soda has to be avoided, as this tends to transform 
the diazonium salt into an isodiazo oxide (p. 414), which does 
not couple with the phenol The usual practice is to add 
sufficient caustic soda solution to the phenol to transform it 
into its alkali salt, and then to use sodium carbonate for neutral- 
izing the hydrochloric acid formed during the coupling. When 
coupling with an amine dissolved in hydrochloric acid, sodium 
acetate is sometimes added during the reaction in order to 
react with the mineral acid and liberate the feebler acetic acid. 

As already stated, the azo-group enters the para position 
relative to the hydroxyl, amino, or substituted amino group; 
if, however, the para position is already occupied, the entrant 
group takes up the ortho position. If neither ortho nor para 
position is free, coupling does not occur, unless the azo group 
is capable of displacing the para substituent. With di-hydroxy 
or di-amino derivatives of benzene coupling takes place readily 
when the two groups are in meta position, thus resorcinol, 
m-phenylenediamine, and m-toluylenediamine readily couple 
with diazonium salts. In the case of resorcinol the azo-groups 
can be introduced in stages; the first NgPh group takes up 
position 4, the second position 6, and the third position 2. 

As the number of azo groups is increased the shade of the 
dyestuff is deepened, and at the same time coupling becomes 
more difficult. 

The azo dyes derived from naphthalene are of greater 
commercial value than those obtained from benzene. In the 
case of a-naphthalene derivatives the azo group takes up para 
(4) position, but if this is not free an ortho (2) azo compound 
is formed. If position 4 is free, but substituents, especially 
sulphonic acid groups, are present-, in positions 3 and 5 then 
the azo group enters position 2. With a ^-napthalene deriva- 
tive, e.g, /S-naphthol or /J-naphthylamine, the azo-group enters 
position 1. Coupling with 1:2 or 2: 1-amino naphthols cannot 
take place. 

As a rule azo-dyes are formed in solution, and are salted 
out, filtered, dried, and ground. Insoluble dyes are frequently 
prepared on the fabric; an example of such is para-red, 
NO2*C0H4«N2*Ci^H^*OH, obtained by steeping cotton in 
sodium ^-naphthoxide solution, squeezing out, drying, and 
final treatment with a 1 -per-cent solution of j9-nitrobenzene- 
diazonium chloride. Numerous dyes of the same type are 
obtained by replacing the ^-nitrobenzenediazonium chloride by 
the diazonium salts derived from m- or o-nitraniline, a-naph- 
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thylamine, benzidine, dianisidine, o-anisidine, &c. To facili- 
tate the production of such dyes on the fabric diazotized 
p nitraniline is sent out in the solid, stabilized form under the 
name of nitrosamine red and various other names. 

The following are some simple monoazo dyes derived from 
naphthalene. The first name is that of the amine, which is 
diazotized, and the second is that of the phenol, with which 
it is coupled: — 

Sudan I = Aniline — ► ^-naphthol. 

Sudan II = Xylidine — ► /3-naphthoI. 

Crystal Ponceau B = Naphthylamine — p naptholdisulphonic acid G. 
Ponceau 2 G = Aniline — ► jS-naphtholdisulphonic acid R. 

Ponceau 4 OB — Aniline — *• ^-naphtholdisulphonic acid Sch. 

Orange G — Aniline — ** jS-naptholdisulphonic acid G. 

Orange G.T. = Toluidine — ► /8-naphtholsulphonic acicf S. 

Cochineal Scarlet = Toluidine — *• a-naphtholsulphonic acid 0. 

Wool Scarlet B = Xylidine — ► a-naphtholdisulphonic acid Sch. 

Fast Red A = Naphthionic acid — ► /3-naphthol. 

Fast Bed B = a-Naph thylamine — >> /3-naphtholdisulphonicacidR. 

Fast Bed D = Naphthionic acid — » jS-naphtholdisulphonic acid R. 

Crumpsall Yellow = /3-naphthylaminedisuiphonic acid G — ► salicylic 
acid. 

Tannin Orange B = 7)-Aminobenzyldimethylamine — » /3-napbthol. 
Azophosphlne GO = m-Aminophenyltrimethylamine — resorcinol. 
Alizarin Yellow = m-Nitraniline — ► salicylic acid. 

Azochromine = p-Aminophenol — pyrogallol. 

Very fast dyes are produced by coupling diazonium salts 
with chromatropic acid, 1 : 8-dihydroxy naphthalene-3 :6-disul- 
phonic acid, but they are expensive to manufacture 

Many of the monoazo dyes can be used for wool, silk, and 
leather direct, but can only dye cotton after mordanting. 
The common mordant for a basic dye is tannic acid. The 
phenolic dyes are used in^much the same manner as alizarin 
(p. 537), provided two hydroxyl or one Jiydroxyl and one 
carboxyl group are present in adjacent or peri positions, and 
hence salicylic acid, pyrogallol, and 1 : 8-dihydroxy sulphonic 
acid are often used as the second component in the process 
of coupling. 

Disazo Dyestuffs 

Oi%up /. These are forced by the introduction of two 
azo-groups — either similar or different — into the moleaile of 
a phenol* or amine, and are produced in two successive 
stages. When one 'of the couplings takes place in acid solu- 

*For influence of various groups in the phenol molecule on coupling 
compare Auwers and Michaelis^ B. 1914, 47, 1275. 
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tion and involves the introduction of the azo-group into the 
ring containing the amino group, and the other takes place in 
alkaline solution and involves the introduction of the azo 
group into the ring containing hydroxyl groups, then the two 
couplings are always effected in the order given, as the former 
proceeds less readily than the latter, and is retarded to a 
greater extent as the components become more complex. 

A good example is Wool Black, 6B, obtained by the suc- 
cessive action of diazotized sulphanilic acid in acid solution, 
and of diazotized a-naphthylamine in alkaline solution on 
1 : 8-aminonaphthol-4-sulphonic acid. Other examples are: — 

Beabrcin Brown = wi-Xylidine — resorcinol — sulphanilic acid. 
Naphthol Blue-black = p-Nitraniline — ^ aminonaphtholdisulphonic acid 
^ * H — aniline. 

Fast Brown G = Sulphanilic acid — ► a-naphthol -• — sulphanilic 

acid. 

Palatine Black = Sulphanilic acid (acid solution) — ► 1 -amino-8 - 

naphtholdisulphonic acid H >* — a-naphthyl- 
amine. 

The amine mentioned first is diazotized, then coupled with 
the middle compound, and finally the last-mentioned substance 
is diazotized and coupled with the monoazo dye formed from 
the first two. 

Group 2, The members of this group are synthesized by first 
preparing an amino-azo compound, diazotizing the amino group 
in this, and coupling the product with an amine or phenol. 

A complex member is naphthol black, (S 03 Na) 2 CiQH-/ 
N:N.C,oH,.N:N.CioH 4 (OH)(S 93 Na) 2 , and is formed by 
azotizing ^-naphthylamine-6:8-disulphonic acid, coupling with 
tt-naphthylamine, then diazotizing the resulting amino-azo com- 
pound and coupling with an alkaline solution of ^-naphthol- 
3 : 6-disulphonic acid. Other examples are: — 

Sudan III ~ Aminoazobenzene — ► /S-naphthol. 

Brilliant Crocein = Aminoazobenzene — ► jS-napntholdisulphonic acid G. 
Ponceau 6R = Aminoazobenzene — ► )9-naphtholtrisulphonic acid. 
Cloth Scarlet G = Aminoazobenzene sulphonic acid — *- jS-naphthol. 
Fast Ponceau 2 B = Aminoazobenzenedisulphonic acid — ► /8-naphthol- 
disulphonic acid R. 

Diamond Green = Aminosalicylic tcid- azo- a-naphthylamine di- 
« hydroxynaphthalenesulphonic acid S. 

As great difficulty is experienced in diazotizing naphthalene 
derivatives in which the amino and azo groups are ortho to 
one another, it is necessary to use j[?-aminoazo compounds, and 
hance derivatives of a-naphthylamine are commonly used. 
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Gh'oup S. This group comprises the disazo dyestuffs ob- 
tained by diazotizing a primary diamine and coupling 'the 
tetrazoniura salt with two molecules of an amine or phenol. 
The compounds of commercial importance are those derived 
from benzidine (^y-diaminodiphenyl, p. 500 ) and its homo- 
logues, the tolidiiies. When two molecules of the same amine 
or phenol are used, the products are simple benzidine dye- 
stuffs, e.g, Congo-red from tetrazobenzidine chloride and 
sodium naphthionate, S03Na*CioH.(NHo)N2-CgH4*CgH4‘N2* 
Ci,H,(NH2)S03Na. 

Intermediate compounds of the type ClNg •CgH4 *00114 -Ng* 
C|oH;j(NH2)-S03Na can be prepared as crystalline salts, hut 
are of no technical importance. The coupling with the second 
molecule of amine proceeds slowly, and may, in certain cases, 
take several days for completion. 

The dyes derived from benzidine and certain substituted 
benzidines are of great commercial value, as they are sub- 
stantive dyes; that is, they can dye cotton fabrics without 
the aid of a mordant. All benzidines which contain sub- 
stituents in the ortho positions with respect to the amino 
groups can yield substantive dyes, whereas the disazo com- 
pounds derived from benzidine derivatives with meta sub- 
stituents, e.g. jpp'-diamino-o-o'-dicarboxylic acid or the corre- 
sponding halogen derivatives or sulphonic acids, exhibit no 
affinity for the vegetable fibre. 

Numerous other jp-diamines can also yield substantive dyes, 
e.g. ^/;-diaminostilbene (p. 506 ), NH^* C0H4*CH:CH *00114 • 
NHo ; j»p-diamiiiodiphenylamine, NH(C0H4*NH2)2; jpp-dia- 
minodiphenylcarbamide, CO(NH * C0H4 * NH2)2 ; i^p^liamino- 
carbazole; jop-diaminofluorene and j>/?-diamiuo -azobenzene, 
NH2*C0H4N2*C0H4*NH2. ^-Phenylenediamine and 1 : 4 - and 
1 : 5 -diaminonapnthalenes also yield substantive dyes, whereas 
pp-diaminodiphenylmethane (p. 504 ) and j?p-diaminodibenzyl, 
NHo*C 0H4*CH2.CH2*C0H4*NH2, do not. 

The number of combinations between such diamines and 
various phenols, amines, and their sulphonic acids is extremely 
largef and only a few of the i^esul ting substantive dyes can be 
mentioned : 

Chryaamine G = Benzidine — ► salicylic acid (2 mols.). 

Diamine Black RO — Benzidine — 7 - aminonaphtholsulphonic 

acid (2 mols.). 

Chrysophenine G = Diaminostilbenedisulphonic acid — *> phe- 

netol (2 mols.). 
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Cotton Yellow G 

Diamine brown M or | 
Crumpsail direct faetp 
brown B / 

Benzopurpurin B 

Diamine blue BX or 
Niagara blue BX 

Chicago blue 6B or i 
Dianol brilliant blue / 

Acid anthracene red 3B 

Carbazol yellow 
Nfiphthylene red 


Diaminodiphenylurea - 
mola.). 


salicylic acid (2 


}= 


Benzidine i:: ;:^iSl“oSfphthol8ulphonic 
acid (alkaline solution). 
Tolidine — ► jS-naphthylaminesulphonic acid 
Br. (2 moLs.). 


Tolidine^ 


a-naphtholsulphonic acid NW. 
aminonaphtoldisulphonic acid 
H. 

Dianisidine — ► 1 :8-aminonaphthol-2 :4-di- 
sulphonic acid (2 mols.). 
o-Tolidinedisulphonic acid — ► /9-naphthol 
(2 mols.). 

Diaminocarbazol — ► salicylic acid (2 mols.). 
1 : 5 > Diaminonaphthalene — naphthionic 
acid (2 mols.). 


Bismarck brown, CaH 4 [N 2 .CgH 3 (NH 2 ) 2]2 (p. 426), is a bisazo 
dye derived from a metadiamine, and can only be used on 
cotton in the presence of a tannin mordant, but dyes wool a 
red-brown shade. 


TRISAZO DYESTUFFS 

These contain three azo groups. One method of preparing 
such compounds is by starting with a bisazo dyestuff, e.g. a 
benzidine dye, containing an amino group, diazotizing this 
and coupling the product with an amine or a phenol. Thus 
the dye produced by coupling diazotized benzidine with sali- 
cylic acid and with a-naphthylamine can be further diazotized 
and the product coupled with l-naphthol-4-sulphonic acid, 
when the dye benzo grey S extrji is obtained. Columbia 
black R is obtained from tolidine with m-toluylenediamine 
and aminonaphthotdisulphonic acid 7 , diazotizing the product 
and coupling with m-toluylenediamine. 

A second method is to couple a diazonium salt with one of 
the components present in a benzidine dye ; thus Congo-brown 
G is formed by allowing diazotized sulphanilic acid to couple 
with the resorcinol residue in the bisazo dye derived ^from 
benzidine, salicylic acid, and resorcinol. 

Bialnine green G or Dianol green G, the first green sub- 
stantive dyestuff, is manufactured by coupling diazotized 
j!>-nitraniline with 8-hydroxy-l-naphthylamine-3:6-disulphonic 
acid (H acid), then coupling benzidine tetrazonium salt with 
tbis and finally with salicylic acid. Its structural formula is 
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HO NHa 

COjH . Call, (OH) • N, . CflH, . CgH, • N, , • C„H, - NO, 

SOjNa'vJv^SOjNa. 

TETRAKISAZO DYESTUFFS 

These can be prepared by the action of two molecules of 
a diazonium salt on a suitable bisazo dyestuff; thus the dye 
derived from benzidine and resorcinol (2 mols.) couples with 
diazotized salicylic acid, yielding Hessian brown BB. 

Another method of formation is the coupling of two mole- 
cules of the intermediate tetrazo compound, formed in the 
production of a benzidine dye, with one molecule of difiydroxy- 
diphenyl-methane or with a similar compound. 

Most of the dyestuffs are brown, and have only a limited 
importance. 

In the benzidine dyes, as in many other series of azo dyes, 
the presence of chlorine atoms renders the products much 
faster to light. m-m-Dichlorobenzidine gives rise to the pro- 
ducts known as dianol reds, and cblorazol blues are obtained 
by coupling the tetrazo derivative of dianisidine with chlori- 
nated naphtholsulphonic acids. 

Many of the direct cotton dyes are also used on wool. On 
cotton some exhibit sensitiveness to washing and acids, but 
can be rendered much faster by an “after-treatment” with 
either a weak chrome bath, formaldehyde or sodium thiosul- 
phate. 

A few mono-azo direct cotton dyes are known; these are 
mostly derived from dehydrothio-|7-toluidine, 

CH3.CaH,<| .NH„ 

and its homologues, or from primuline-sulphonic acid by diazo- 
tizing and coupling with salicylic acid or naphtholsulphonic 
acid. 

SoAe of the more complek azo-dyestuffs are actually pre- 
pared on the fabric. This may be accomplished in one <ff two 
ways : 

(a) Coupling on the Jibi'e, — In order to obtain complex dyes, 
the fabric which has been dyed with a substantive dye is 
sometimes treated with a solution of /?-nitrobenzenediazoniuiji 
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chloride. For this purpose the substantive dye must contain 
a residue capable of coupling with a diazonium salt. 

(b) Developing on the fibre . — When the fabric has been dyed 
with a dyestuff containing an amino group, it is subsequently 
treated with nitrous acid and then with a bath of ^-naphthol, 
when a more complex dye is actually produced on the fibre. 
Thus to produce Diazo black B the fabric is dyed with the 
substantive dye derived from benzidine and l-naphthjdamine- 
5-sulphonic acid, which is then diazotized on the fabric and 
developed with ^-naphthol for blue*black or with ^-phenylene- 
liamine for brown-black shades. 


C. Stilbene, Pyrazolone, and Thiazole Dyestuffs 

1. STILBENE DYESTUFFS 

This group comprises a number of yellow and orange sub- 
stantive dyestuffs which are relatively fast. The elucidation 
of the constitution is due to A. G, Gteen (J. C. S. 1904, 1424, 
1432; 1906, 1602; 1907, 2076; 1908, 1721), who obtained 
from them diaminostilbenedisulphonic acids by reduction and 
benzaldehydesulphonic acids by oxidation with permanganate. 
By the action of hot caustic soda on p-nitroluene-o-sulphonic 
acid, sun yellow or direct yellow RT {Walther, 1883) is formed, 
and this with hypochlorite gives Mikado yellow, and reduced 
gives Mikado orange. 

The first product formed in the condensation of jt?-nitro- 
toluene-o-sulphonic acid with alkali is a j[?-nitroso-p-nitro-di- 
benzyldisulphonic acid together with water. Under the 
influence of reducing substances present this forms /?/>'-di- 
nitrosostilbenedisulphonic acid, which undergoes further reduc- 
tion to direct yellow RT, which is an azo-azoxy derivative of 
stilbene, 

CH . CgHgCSOaH) • N= N • • CH 

CH . CeHaCSOgH) • N : N(0) • CgHgCSOgH) • CH. 

Mikado yellow i*^ the correspohding dinitroazostilbenedisul- 
phonic acid, which can also be formed by reducing 4:4'-dinitro- 
stilbene-3:3'-disulphonic acid. Stilbene orange 4 R is the 
corresponding compound containing two azo groups in place 
of one azo and one azoxy group, and is formed when the con- 
(^nsation takes place in the presence of glycerol. 
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2. THIAZOLE DYESTUFFS 

The primulines {Oreen^ 1887) are thiazole derivatives (p. 559). 
Primuline base itself is formed together with dehydrothio- 
toluidine, jp-aminobenzothiazole, 

CH3.C,H3<®>C.C,H4.NH„ 

by heating ^-toluidine with sulphur at about 200"", and is 
generally used in the form of a sulphonic acid. Piimaline 
yellow is probably a mixture of a di- and trithiazole deriva- 
tive, e,g.: * 

CH 3 .C 3 H 3 <|>C.C 3 H 3 <®>C.C 3 H 3 <®>C.C 3 H 3 (NH 3 )fS 03 Na,. 

and is not fast. Thioflavine S is a methyl derivative of 
primuline, and gives canary yellow colours to tanned cotton. 
Thioflavine T, obtained from dehydrothiotoluidine, methyl 
alcohol, and HCl at 170° is the ammonium chloride, 

OH3.CeH3<|>C.CeH4-NMe3Cl, 

and gives greenish-yellow shades. 


3. PYRAZOLONE DYESTUFFS 


These are mainly azo dyestuffs containing the pyrazolone 
ring (p. 558). They are yellow dyes, fast to light but rela- 
tively expensive. Tartrazine {Ziegler^ 1884), 


COaH.CiN 
SOgNa.CoH^.NiN.CH.CO. 


^N-CgHi-SOgNa, 


is usually prepared by condensing ethyl oxalacetate (p. 269) 
with phenylhydrazine-jo-sulphonic acid, coupling the product 
with diazotized sulphanilic acid, and hydrolysing to the free 
acid. • Numerous other dye}| can be orepared by coupling 
simple diazonium salts with pyrazolonesulphonic acids. 
Flavazine L is obtained from benzenediazonium chloride and 
l-^sulphophenyl-3-methyl-5-pyrazolone, and has the formula, 


: NPb ) . CMe 
. SOgNa) • N>* 
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D. Di- and Triphenylmethane Dyes 

The basic and acidic dyes derived from triphenylmethane 
have been dealt with in Chap. XXX. 

The only important dyestuff of the diphenylmethane series 
is Auramine 0, the ketoneimide, NMeg -06114 •C(:NH)-C<^H4' 
NMeg, HCl, or NMog . C6H4 . C(NH2) : C6H4 : N MeaCl. This was 
originally prepared {Kern and Caro^ 1883) by heating Michle^'^s 
ketone, tetramethyl-4:4'-diaminobenzophenone, with ammonium 
and zinc chlorides at 160®, but is now generally manufactured 
by^ fusing tetramethyldiamino-diphenylmethane with sulphur, 
ammonium chloride, and common salt, whilst ammonia is 
passed through the mass; H2S is formed, and the CHg group 
gives rise to the C:NH group. Auramine G is the corre- 
sponding compound derived from o-toluidine. 

The following dyes are derivatives of diphenylnaphthyl- 
methane, CHPhg-CjQfL. Victoria blue B, obtained by con- 
densing phenyl-a-naphthylamine (p. 528) with tetramethyl- 
4:4'-diaminobenzhydrol or tetramethyl-4;4'-diaminobenzophen- 
one chloride is CgHg • NH • Ci^Hg • C(G6H4 • N Me^) : C6H4 : 
NMegCl. Victoria blue R is obtained in a similar manner 
from ethyl-a-naphthylamine, and night blue from tetraethyl- 
diaminobenzophenone chloride and ^-tolyl-a-naphthylamine. 
These blues are not very fast to light, but give very bright 
shades. Wool green is formed by condensing G salt (p. 530) 
with tetramethyldiamino-benzophenone chloride. 


E. Xanthene Dyestuffs 

These dyestuffs, which can be regarded as derivatives of 
diphenylmethane oxide or xanthene (p. 682), contain the 

< C * C'v 

They are usually divided into the 

two groups — 

1. The pyronines, or derivatives of diphenylmethane, and 
2. The phthaleines, or derivatives of triphenylmethane. 

Thw formation and structure of the phthaleines have been 
dealt with in Chap. XXX. The chief members of this class 
are the eosines, the rhodamines, and galleine. 

The following numbering of the atoms in the fluorescein 
skeleton is adopted: — 
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This numbering is not the same as that given in Richter's 
Lexicon, but is analogous to that adopted for acridine, phena- 
zine, &c. 

TJranine or sodium fluorescein is the sodium derivative qi 
the 8-hydroxy-2'-carboxylic acid. Eosin A is 1:3: 7:9 tetra- 
bromofluorescein. Spirit eosin and Eosin S are the corre- 
sponding methyl and ethyl esters. Eosin BN is potassium 
3 : 7-dinitro-l : 9-dibromofluorescein. Erythrosin Gt is potassium 
1 :9-diiodofluorescein, Er3rthrosin is 1 :3:7:9-tetraiodofluores- 
celll. Phloxine P is potassium 4':5'-dichloro-l:3:7:9-tetra- 
bromofluorescein. Rose Bengal is the corresponding tetraiodo 
compound. Phloxine is potassium 3' : 4' : 5' : 6' - tetrachloro- 
l:3:7:9-tetrabromofluorescein. Gallel'n or alizarin violet, from 
gallic acid and phthalic anhydride, is 1: 9-dihydroxy fluores- 
cein. Coerulein is gallein anhydride formed by the elimina- 
tion of water from the OH of the carboxyl group and hydro- 
gen in position 4. 

The Rhodamines or aminophthaleins contain NH, and NH 
or substituted NHg and NH groups in place of the -OH and 
:0 groups of fluorescein.^ The bases themselves probably 
have a lactone structure, but the salts (djes) may be repre- 
sented by para or ortho quinonoid formulse ; in the latter case 
the oxygen atom becomes tetravalent. 

Cl 




\/\c/\/ 




CgH^-COsH, 


C,H4.COgH. 


The numbering is the same as in the fluorescein skeleton. 
The rhodamines are manufactured by condensing phthalif 
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anhydride with su\3stituted aminophenols. The presence of a 
carboxylic group in the salts and honc^a quinonoid structure 
is indicated by the readineiss with the dyes yield alkyl 

derivatives, which are readily hydrolysable, ie. esters; these 
are also coloured. If the dyes were lactones the products 
formed on alkylation would be quaternary ammonium salts, 
which should not be readily hydrolysed. 

Bhodamine B contains two NEt^ groups in positions 2 and 
8. Bhodamine 3 B is the corresponding ethyl ester. Bhoda- 
mine 6 G is the ester containing two NHEt groups in 2 and 8 
positions. Bhodamine 8 is the chloride of the dimethyl- 
ammo compound containing the group • CHg • CHg • COoH 
(derived from succinic acid) attached to C No. 5. Viola- 
mines dOntain phenyl and tolyl, and sulphonated phenyl 
groups attached to the N atoms in positions 2 and 8. 

Dyes with an ester structure such as Ehodamine 3B or 
6 G or Eosin S are as a rule faster and more stable, as the 
conversion of the -COONa group to ‘COOEt lessens the ten- 
dency to the formation of colourless lactones. Such dyes can 
be used as direct dyes for cotton. 

The pyronines are of but little importance, and are formed 
by condensing alkylated m-aminophenols with aliphatic alde- 
hydes or acids, e.g, pyronine G from formaldehyde and di- 
raethyl-m-aminophenol and subsequent oxidation. 

F. Acridine and Quinoline Dyes 

The chromogene in the acridine dyestuffs is the acridine ring 

(p. 581) with an orthoquinonoid structure, C 6 H 4 <^Qjj^GgH 4 . 

They are analogous to the xanthehe dyestuffs, and by replac- 
ing the H of the CH group by phenyl, triphenylmethane 
derivatives are obtained. The only compounds of commercial 
importance are the amino or substituted amino derivatives, 
with the nitrogen atoms in the positions para to the CH 
group. 

Acridine yellow,* 2:8-diamino-3:7-dimethylacridine hydro- 
chloride, is a basi^' yellow dyt'^ obtained by condensing m- 
toluyienediamine with formaldehyde and oxidizing the result- 
ing leuco-base. The corresponding 5-phenyl derivative is 

* The numbering is exactly similar to that of fluorescein derivatives 
(p. 831), the N atom occupying the position of the pyrone oxygen in 
^uoresceln. 
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benzoflayine. Acridine orange, 2:8>tetrameth^ldiaminoacri- 
dine zinc chloride, is obtained from uvaminodimethylaniline 
and formaldehyde and Acridine orange E extra is the corre- 
sponding 5-phenyl derivative obtained by using benzaldehyde. 
Fhosphme or leather yellow is impure chrysaniline, 2:4'-dia- 
minophenylacridine, and is obtained as a %-product in the 
manufacture of fuchsine or luagenta (p. 514). 

Common quinoline dyes are mentioned on p. 580. 

Or, Indamine and Indophenol Dyestuffs 

The indophenol and indamine dyestuffs are derivatives of 
phenylated ^-quinone mono- and di-imides respectivdy, 
0:CeH4;NPh and NHiC^H^rNPh (p. 459). 

Indamines: Phenylene blue, NH2'CpH4«N:CgH4:NH2C?, 
obtained by oxidizing a mixture of aniline and j?-pnenylene- 
diamine when the hydrogen para to the amino group in aniline 
and three of the four hydrogen atoms of the amino groups 
of the diamine are removed by oxidation and union of the 
two amine residues takes place. Bindschedler’s green is 
the corresponding tetramethyl derivative. Tolnylene blue, 
NMe2*OgH4‘N:OgH2Me(NH2) : NH2CI, obtained by oxidizing 
dimethyl-^-phenylenediamine and m-toluylenediamine is of in- 
terest on account of its relationship to the eurhoidine, neutral 
red (p. 836). Indamines are also formed by oxidizing a mixture 
of an arylamine (or 7?i-diamine) with ^-nitrosodimethylaniline 
instead of the p-diamine. 

The Indophenols can be formed in a similar manner by 
oxidizing a mixture of a phenol (or naphthol) with a paradi- 
amine or with ^nitrosodimethylaniline. The only dye of tech- 
nical importance is indophcfnol blue, NMe2-C^H4-N:C^o^^«’®» 
obtained by condensing a-naphthol with 77-nitrosodimethyl- 
aniline. It is sometimes used in combination with indigo, as 
the process of dyeing is exactly analogous. It is a typical 
vat dye. 

H. Azine, Oxazine, and Thiazine Dyestuffs 

Prdbtically all these dyestdffs are basic dyes, and are used 
in the form of salts. They are readily reduced to 4euco- 
compounds, which re-oxidize in the presence of air. These 
leuco-compounds are amino or substituted amino derivatives 
of dihydrophenazine, phenoxazine, and phenthiazine respec- 
tively (p. 584): 

(B480) 


28 



834 


LV. SYNTHETIC DYES 




In all cases the amino or substituted amino groups occupy 
position 2.* 

The relationships of the leuco-base (1), dye-base (2), and 
dyestuff (3) are rendered clear by a glance at the fonnulsD 
for the azine compounds: 

Leuco-base, 

1- 1 I I 

An orthoquinonoid structure for the dye-base and dye is 
also possible, viz. (4). The oxazine and thiazine dyes can be 


Dye-base, 





3. 


Dye, 

/N/^^\./\=nHoC1. 


xN. 






/\/ X/\nh. 




J 


represented by formute analogous to 3, but with 0 and S in 
place of the NH group of the middle ring. If orthoquinonoid 
formulae are used for the dye-bases, union between O or S and 
the substituting NH group in position 2 must be assumed, 
e,g, (5), but not for the salts, e,g, (6). The orthoquinonoid 

^ U»A'J U..AJ 

formulae for the salts are now generally adopted ; that for the 
azine salt represents the upper nitrogen in the middle ring, 
formula 4, as combining with the acid, e,g, HCl, and becoming 
quincjuevalent. Su^h salts, containing quinquevalent N and 
tetravalent O or S, are usually termed phenazonium, oxa- 
zonium, and thiazonium salts. 

* For purposes of orientating the numbering of the atoms is exactly 
similar to that in the case of fluorescein (p. 831) and acridine dyes, the 
in these being replaced by N, 
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1. The azine dyestuffs comprise the following sub-groups: — 

(a) The Eurhoidines. — Most of these are diamino or sub- 
stituted diamino derivatives, but have no alkyl or aryl group 
attached to the nitrogen atom in position 10. 

(b) The Safranines are all 2: 8-diamino derivatives, and in 
addition have a phenyl or substituted phenyl group attached 
to the nitrogen in position 10. They are phenyl -diamino- 
phenazonium salts, often with substituents in the benzene 
rings or in the amino groups. The formula of the simplest 
safranine is therefore 




-II II 


Safranines may also be derived from aziries in which one or 
both of the benzene rings are replaced by naphthalene residues. 

(c) The Aposa&anines also have an alphyl or aryl group 
attached to nitrogen in position 10. They are, however, 
mono-amino derivatives, and always contain one naphthalene 
residue. 

(rf) The Indulines contain 3 or 4 amino groups. 


{a) THE EURHOIDINES 


These form a small and unimportant class. The dye-bases 
are only weak bases, and form red mono-acid salts. They are 
usually prepared by the oxidation of indamines. One of the 
best known is toluylene xad. By the oxidation of a mixture 
of jp-phenylenediamine and w-toluylenedij^mine an indamine 
(p. 833) is formed: 



nh,/Nnh, 


\/ 


:CH, 




I 


NH, 


/\ 




=NH 

CH3 


Indamine 


■N.S 






NH2 

CH3. 


Eurhoidine. 
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Heutral red, NMe, . C„Ha<f . NH„ is ob- 
tained by the further oxidation of toluylene blue (p. 833) 
and neutral violet, NMe 2 «CgH 3 <^^^^^^^^G 5 H 3 *NH 2 , from 

^-aminodimethylaniline and m-phenylenediamine. The con- 
stitution of toluylene red follows from the fact that when 
diazotized and warmed with alcohol it yields a methylphen- 
azine identical with that obtained by oxidizing the methyldi- 
hydrophenazine synthesized from catechol (l:2-di hydroxy- 
benzene) and wi-toluylenediamine (MerNHglNHg = 1:3:4). 

{b) SAFRANINES 

Considerable discussion has taken place with reference to 
two important points connected with the structure of the 
safranines, viz.: (1) the ortho- or paraquinonoid structure of 
the dyes, and (2) the symmetrical or unsymmetrical positions 
of the amino groups. 

Nietskfs statement of the existence of two isomeric mono- 
methyl safranines was used as an argument in favour of the 
unsymmetrical arrangement of the two amino groups, but 
Korner and Schmidt's proof of the identity of the two com- 
pounds lent support to the symmetrical structure which has 
been since confirmed by Hemtt 

Sym. 

Unsym. 

By the ordinary methods of diazotizing only one NHg group 
is removed from safranine, and for some time this was regarded 
as an argument in favour of the paraquinonoid formula which 
contains only one true ‘NHg group. 'Subsequent experiments 
have proved that a second amino group can be removed by 
diazotizing in the presence of concentrated sulphuric acid, and 
this has given support to the oithoquinonoid formula which 
contaftis two free amino groups.' The readiness with which 
the leuco-bases are oxidized to the dye-bases is also in har- 
mony with the ortho structure. 

When safranine sulphate is treated with barium hydroxide 
the green base, safranine hydroxide is formed, and when this 
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is heated water is eliminated, and a base practically free from 
oxygen is obtained. This has been urged as an argument in 
favour of the para constitution, as it involves the elimination 
of water from rNHoOH and the formation of :NH. With 
an orthoquinonoid constitution the formation of the anhydro 
base involves either a molecular rearrangement into the para- 
quinonoid form followed by loss of water or the elimination 
of water directly and union between the nitrogen atoms in 
positions 2 and 5. 

The safranines can be prepared by a variety of methods : 

1. They are formed by oxidizing indamines in the presence 

of primary arylamines. • 

2. By oxidizing 4 : 4'-diaminodiphenylamine in the presence 

of primary arylamines. • 

3. By oxidizing a mixture of a j?-diamine (1 mol.) with a 
monamine (2 mols.). This last is the ordinary commercial 
method, and it is essential that one of the amino groups in 
the diamine shall be unsubstituted, and that one of the mona- 
mines (2) taking part shall have the position para to the NHg 
group free. The second monamine may have a para sub- 
stituent, but the amino group itself must be unsubstituted, e,g.\ 


NMegj 

CH, 


/\ /\ 


( 2 ) 


+ 

NR 


NH., 


NMegj 


,s^'CH3 


CH, 


Oxidized 



NPhCl 






ICHo 


Safranine T, 3 : 7-dimethyl-2 : 8-diamino-lO-phenylphenazo- 
nium chloride, is made by^oxidizing a mixture of equimolecular 
proportions of o-toluidine and ^-toluylene- diamine to an 
indamine and subsequent oxidation of this to the safranine. 
It is also frequently made from the oil which distils over 
during the manufactu^ of magenta. It can be diazotized 
and coupled with ^-najmthol when the important substantive 
dye known as indoine blue is formed. 

Sgfranine MN is 3 - methyl - 2 - amino - 8 - dim ethy lamino - 1 0- 
phenylphenazonium chloridi; Amethyst violet contains NEt 2 
groups in positions 2 andrS, and is formed by oxidizing a 
mixture of diethyl-jp-phenylenediamine, diethaniline, and ani- 
line; Mauveine is of historical interest as the first aniline 
dye to be prepared {Perkin^ 1856), it is the safranine dye, 
3-methyl-2-amino-8-anilino-10-tolylphenazonium chloride. 
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4. Another general method of preparing safranines is by 
the oxidation of a mixture of a ^-nitrosoaialkylaniline with 
secondary bases derived from m-phenylenediamine, thus nitro- 
sodimethylaniline (3 mols.) and diphenyl-^yi-phenylenediamine 
(2 mols.) yield /7-aminodimethylaniline (1 mol.) and indazine 

U (2 mols.), NMe 2 .C«H 3 <^^^^^CsHs.NHPh. The fol- 

lowing dyes are manufactured by this process: — 

Fast neutral violet B, 2-dimethylamino-8-ethylamino-10- 
ethylphenazonium chloride, from j?-nitrosodimethylaniline and 
diethyl-m-phenylenediamine; Metaphenylene blue, 2-dimethyl- 
amino-8-tolylamino-lO-tolylphenazonium chloride, from the 
same nitroso compound and di-o-tolyl-iw-phenylenediamine; 
Naphthazine blue, 2-methylamino-8-naphthylamino-10-naphyl- 
phenazonium chloride; Basle blue E, 2-dimethylamino-8- 
tolylamino-lO-tolylnaphthazonium chloride, is obtained from 
the nitroso compound and 2:7-ditolylnaphthylenediamine, 
C,QHg(NH • C 7 Hy) 2 , and yields the sulphonated dye, Basle 
blue S. 

5. Safranines can also be formed by fusing aminoazo com- 
pounds with primary arylamines and their salts. 

Naphthyl blue or Hilling blue, a diphenylated diiiaphtho- 

saf ranine, NHPh-CioHgC^^^^^CioHj.NHPh, is formed 

from benzeneazo-a-naphthylamine, a-naphthylamine and ani- 
line hydrochloride, and is used in the form of a sulphonic 
acid. Hagdala red is a diamino-naphthyl-dinaphthazonium 

chloride, NH 2 .CioH 5 <(^^(^i^^^^C,oH 5 .NH 2 , and is used 

to a certain extent on silk. i 

The safranines are beautiful crystalline compounds with a 
metallic green lustre, are readily soluble in water, and dye 
yellowish-red, red, violet, and blue, and for cotton usually 
require a tannin mordant. 


(c) APOSAFRANINES. Cf. p. 836 < 

These are usually divided intc the rosindulines and iso- 
rosindulines. In the former the amino group is attached to 
a naphthalene residue, and in the latter to a benzene nucleus. 
The two groups give respectively red and blue shades. Many 
contain alphyl or aryl substituents in the amino group. 



INDULINES 


Rosindulme. laorosinduline. 



as orthoquinonoid salts. 


The aposafranines are formed by methods exactly analogous 
to numbers 4 and 5, given under safranines. 

Azocarmine G, formed by fusing benzeneazo-a-naphthyl- 
amine with aniline and its hydrochloride and subsequently 
sulphonating, is sodium phenylrosindulinedisulphonate. Azo- 
carmine B is the sodium salt of the corresponding trisulphonic 
acid. Bosinduline 2 0, obtained by heating the acid from 
Azocarmine B with water at 160-180®, is the sodium salt of 
a monosulphonic acid of rosindone, which is the oxygen 
analogue of rosinduline, e.g.: 


FaraquinoDoid base 


or 


\/\ ^ 

Orthoquinonoid salt 


Bosinduline G is an isomeric monosulphonate, and both 
compounds are important wool dyes. Induline scarlet, pre- 
pared by melting the azo derivative of monoethyl-jp-toluidine 
with a-naphthylamine hydrochloride, has ethyl in place of 
phenyl attached to N in position 12, and methyl in position 3. 
It is frequently used in conjunction with formaldehyde hydro- 
sulphite and rongalite for discharging colours. 

Neutral blue, a typical isorosinduline, contains the NMe.^ 
in position 2, and is ysbtained by heating nitrosodimethyl- 
aniline with phenyl-^-naphthylamine. 


• id) INDULINES 

The first induline was prepared in 1863 by Dale aTid Caro 
by heating aniline hydrochloride with sodium nitrite, and was 
subsequently {Martins and Griess^ 1866; Hoffmann and Geyger^ 
1877) shown to be formed by the action of aniline hydro- 
chloride on aminoazobenzene at 160°. The group comprises 
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blue, violet, and black dyestuffs, which are usually prepared 
by heating an aminoazo compound with a primary arylamine 
and its salt, usually under pressure. When a ^^-phenylene- 
diamine is used basic indulines are formed. All the products 
are insoluble in water, but on sulphonation give water soluble 
acid dyes. 

The formation of aposafranines, safranines, and indulines 
from aminoazo compounds and monoamine salts probably pro- 
ceeds in several stages. In the case of aminoazobenzene itself : 

1. The isomerization of the ^-azo compound to the hydra- 
5one form (p. 427) NHg.CeH^.NiN.CeH^ ^ NHrC.H^rN. 
NHG-Hg. 

2. Molecular rearrangement during which the -NHCgHg 
group exchanges place with an ortho H atom of the nucleus 
(cf. p. 419), NHrC.H^rN.NHCgH. — NH:C6H3(NHCgH5): 
NH, whereby an anilo derivative of ^-quinone is formed. 

3. The elimination of ammonia from the primary amine 


and the NH groups, and the formation of quinone anilides, 
CgH^N : C(5H3(NHCeH5) : NC^jHg, 2-anilinoquinone- 1 : 4-diani- 
lide. 


4. The formation of a dianilino derivative, e.g, 2 : 5-dianilino- 
quinone-1 : 4-dianilide, CgH5N:C3H2(NHC3H3)y:NC0H5, by the 
removal of hydrogen from the quinone nucleus and aniline. 
This probably occurs at the expense of the aminoazo com- 
pound, which becomes reduced to j[?-phenylenediamine. 

5. The final condensation of the dianilinoquinone anilide, 


PhN^^^NHPh 


PhHN 




PhN^ NPh 


and on further heating more anilino groups are introduced, 
and various indulines are formed. When benzeneazo-a-naph- 
thylamine and aniline hydrochloride ^re used the anilino di- 
anilide (1) is formed, which condenses to (2): 

NPh 

(1) (2) 

V\/ 

NPh 


pN^^NPh^ 


/ 
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If benzeazo-a-naphthylamine is heated with aniline and 
alcohol under pressure, rosinduline (p. 839) itself is formed, 
and this with hydrochloric acid under pressure yields rosin- 
done (p. 839), which can be synthesized from hydroxy-a- 
naphthaquinone and phenyl-o-phenylenediamine : 





+ H,N/\ _ \/\/"-\/\ 
loH HPhJ 


.N- 


0 




v 


o/\/\NPh/^^ 


Fast blues R or B are made from aminoazobenzene, anilipe, 
and aniline hydrochloride by heating for different perioas; 
the longer the heating the bluer the shade. They are in- 
soluble, and are largely used as pigments. The soluble fast 
blues obtained on sulphonation are important dyes for wool, 
silk, and can also be used for tannin cotton. The printing 
blues, acetin blues, and laevuline blues are solutions of the 
fast blues in ethyl tartaric acid, acetin, and laevulic acid 
respectively, and are used for cotton printing. Indamine 
blue is a basic dye obtained by using p-phenylenediamine 
instead of aniline, and has the structure: 


PhHN/\^ 


•NPhCl 


PhHN 


\y\ 


^Nnh,. 


■N- 




The nigrosines are made by heating nitrobenzene or nitroso- 
phenol, aniline, and aniline hydrochlorides with iron filings, 
and are used for pigments and shoe polishes. 

Aniline black is probably an azine dye (for structure see 
Green, J, S. Dyers, 191^ 105, 338), and is produced by oxida- 
tion of aniline on the labric. 


OXAZINE DYESTUFFS. Of. p. 833 

The first oxazine dyestliff to be manufactured was mel- 
dola’s blue. New blue R, Cotton blue R, 
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and is obtained by condensing j8-naphthol (1 mol.) with an 
alcoholic solution of p-nitrosodimethylaniline. 

Capri blue GN, obtained from nitrosodimethylaniline and 
dimethyl-m-amino resorcinol, is 

NMe^ . C,H 3 <^>CeH 3 . NMej. 


Nile blue A, from nitrosodiethyl-m-aminophenol and a-napli- 
thylamine, 

NH3.C,„H3<g<f^)>C3H3.NEt3. 


Nile blue B, obtained by using benzyl-a-napbthylamine, 
contains NHBz in place of NHg. 

tlallooyanine BH, from nitrosodimethylaniline and gallic 
acid, 


anhydride 



HO 


HO 







)OH 




Delpbin blue, obtained from gallocyanin by the action of ani- 
line and subsequent sulphonation, contains NH*CgH 4 *S 03 NH 4 
in place of COgH. 

Oallamine blue paste, CO-NHg in place of COOH of galla- 
mine. 

Correine ER, the NEtg analogue of gallamine blue. 

Alizarine green 0, from jS-naphthaquinone-sulphonic acid 
and l-amino-2-naphthol-6-sulphonic ^acid : 

S 03 H.C,oH 3 <g(^)>C,oH«(OH) 3 . 


Alizarin green B is an isomeride. 

All the latter compounds are mordant dyes, and can be 
used in the same manner as alizarin. 


THIAZINE DYESTliFFS. Of. p. 833 

LautKs violet (1876), the first member of this group to be 
prepared, has no commercial value. It is 2:8-diamino-thia- 

SCl 

zonium chloride, NH 2 «CQH 3 <^jq^^CgH 3 «NH 2 , and its con- 
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stitution was established by Bernthsen (A. 1885, 230 , 73) by 
Uhe following synthesis: Thiodiphenylamine and sulphur give 
anhydro-thiodiphwiylamine. This can be nitrated to a di- 
nitro compound, which can be reduced to the corresponding 
diamine identical with the leuco-base derived from Lauth's 
violet. 

Methylene blue B is 2:8-tetramethyldiaminothiazonium 
chloride, and is manufactured by the modern process of oxi- 
dizing a mixture of dimethyl -p-phenylenediamine and di- 
methylaniline in the presence of sodium thiosulphate and zinc 
chloride. 

It is an important dye for tannin cotton, it is used, as a 
stain in microscopy, and as the free base finds internal use in 
medicine. • , 

New methylene blue N, obtained by using monoethyl-o- 
toluidine instead of dimethylaniline, is 1 : 9-dimethyl- 2 :8-di- 
ethylaminothiazonium chloride. Methylene green is the 
6-nitro derivative obtained by the action of nitrous acid on 
methylene blue B. Thionine blue is the trimethylethyl ana- 
logue of methylene blue. Brilliant alizarine blue GR is 

NMe.^.C«H 8 <|(^_E^_>C,„H 3 ( 0 H) 2 -S 03 Na, and Indochromo- 

gene S, NEt8.C8H3<^(^5)>C,8H3(0H)8.S03Na, is ob- 

tained by condensing jp-aminodiethylaniline with T.2-naphtha- 
quinone-4:6-disulphonic acid in dilute alkaline solution. 

I. Hydpoxyketone Dyestuffs 

The best known members of this class are the hydroxy- 
anthraquinone or alizarine dyes (p. 537). They are all 
phenolic substances, and hence acidic d^es, and contain two 
hydroxyls in ortho positions. On cotton they are used as 
mordant dyes, i.e. they are used for producing lakes with 
oxides of aluminium,^romium, iron, tin, on the fabric. 
(For nature of lakes cf. Pfeiffer y A. 1911, 388 , 92; 1913, 398 , 
137.) The colour produced depends, therefore, not only on 
th^ particular dye used bub also upon the mordant. 

The following dyes are jlerived from simpler ketofies than 
an th raquinone : — * 

Alizarin yellow C (gallacetophenone), 2:3: 4-trihydroxy- 
acetophenone, is obtained by heating pyrogallol with acetic 
acid. Alizarin yellow A is the corresponding trihydro^y- 
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benzophenone. Alizarin black 8 is l:2-dihydroxy-5:8-naph- 
thaquinone or naphthazarine (p. 531). 

Alizarin derivatives . — In addition to alizarin numerous other 
ortho-hydroxy derivatives of anthraquinone are used as dye- 
stuffs, e.g, compounds containing 3, 4, or even 6 ^ hydroxyl 
groups. When anthraquinone -j 8 -sulphonic acid is further 
sulphonated, a mixture of 2 : 6 - and 2 : 7 -di 8 ulphonic acids is 
formed; the two acids can be separated by means of their 
sodium salts, and when fused with alkali the former yields 
l: 2 : 6 -trihydroxyanthraquinone, flavopnrpurin or alizarin X, 
and the latter the 1:2:7 isomeride known as anthrapurpurin. 
The . 1 : 2:4 compound known as pnrpurin is found in madder, 
and can be obtained by oxidizing alizarin with sulphuric acid 
and MnO;. The 1:2:3 compound, anthracene brown (anthra- 
gallol) is obtained by condensing benzoic and gallic acids in 
sulphuric acid solutions, and is usually accompanied by some 
l:2:3:5:6:7-hexahydroxyanthraquinone or anthracene brown 
SW. 

Alizarin bordeanx B, 1 : 2 : 6 : 8 -tetrahydroxyanthraquinone, 
is obtained by oxidizing alizarin with fuming sulphuric acid, 
and hydrolysing the resulting sulphonic acid with 80 per cent 
acid, and when oxidized with sulphuric acid and MnOg it yields 
anthracene blue WE, 1 : 2 : 4 :5:6:8-hexahydroxyanthraquinone. 

Numerous sulphonic acids, obtained by heating the above- 
mentioned dyestuffs with fuming sulphuric acid, are known. 
Alizarin itself yields alizarin red 8 or alizarin carmine, 
sodium 1 : 2-dihydroxyanthraquinone-3-sulphonate. Alizarin 
garnet is 1 : 2-dihydroxy-4-amino-anthraquinone, and is ob- 
tained by nitrating alizarin dibenzoate, hydrolysing and 
reducing with sodium sulphide, j^lizarin 888 is sodium 
1 : 2 : 6 -trihydroxyanthraquinone sulphonate. 

Alizarin irisol, 6 ^ 64 : CgOg ; 0 . 112 ( 011 ) • NH • O^H^Me • SOgNa, 
is formed by condensing 1 : 4 -dihydroxyanthraquinone (quin- 
izarin) with ji^-toluidine and sulphonating the product. 
Alizarin sky blue B is the corresponc^rg 2 -bromo derivative. 
Alizarin viridine is 1 : 2-dihydroxy-5:8-di-jo-toluidino-anthra- 
quinone, and is obtained from alizarin bordeaux and ^-tolui- 
dine and anthraquinone green QK is a monosulphonic acid 
derived^ from 1 : 4 -dianilinoanthraqninone. Alizarin saphirol 
is sodium 1:5- dihydroxy - 4 : 8 -diaminoanthraquinone - 2 : 6 -di- 
sulphonate. 
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J. Sulphide Dyestuffs 

The first dyestuff’s of any importance to be manufactured 
were Vidal black, obtained in 1893 by fusing ^aminophenol 
with sulphur, and Fast black B from 1 :8-dinitronaphthalene 
and sulphur. Since that time numeroiw yellow, brown, green, 
blue, and black dyes have been obtained, but so far the con- 
stitutions of these compounds have not been established. 
Many of them probably contain a thiazine ring. 


K. Vat Dyestuffs 

This is the name given to a series of insoluble ^yestujfs 
which can be reduced to alkali soluble leuco-compounds. The 
fabric is immersed in the solution of the leuco compound, 
which is then oxidized, usually by atmospheric oxygen, to the 
dyestuff on the fibre. They all contain the :CO or :CS, 
which yield :CH-OH or :CH*SH on reduction. 

The three main sub-groups are : 

1. Iiidigoid vat dyestuffs. 

2. Anthraquinone vat dyestuffs. 

3. Sulphurized vat dyestufis. 

1. INDIGOID VAT DYESTUFFS 

The best known of these is indigo itself, and this has 
been dealt with in Chap. XXXV, p. 555. From many 
points of view the indigo question is one of interest to 
chemists. Within recently ears the natural product has re- 
placed, to a large extent, the natural dye.. This is clear from 
the fact that the acreage under cultivation in India has fallen 
from nearly 1,500,000 acres in 1893 to about 150,000 in 1914. 
The war revived intere^ in the natural product, and in 1917 
about 760,000 acres ^re under cultivation, but is again 
falling. For years the competition has been in favour of the 
synt^ietic product, largely owing to the number of experts 
engaged in endeavouring tojimprove the synthetic processes,"'* 
whereas very little attention had been devoted before 1916 to 
improvements in the cultivation of the indigo plant or the 
extraction of the dye. It may be accepted 3iat the natural 

* Cf. Ohap. XII in Gardner’s The British Coal Tar Industry, 



846 


LV. SYNTHETIC DYES 


dye will never replace completely the synthetic product, and 
it is doubtful if the Indian industry will ever attain its former 
importance. According to H, E. Armstrong^ the synthetic 
dye is inferior in dyeing properties to the natural product, 
and it is claimed that this is due to the presence of other 
dyes in the latter. 

For reference the following system of numbering is used : — 



\ 

/ 


/ 


3 ' 

CO- 


C:C 

2 ‘i' 



V 


By direct bromination it is possible to replace from one to 
6 atoms of hydrogen in the following order: 5, 5', 7, 7', 4, 4'. 
6:6'-Dibromoindigo, obtained from 4-bromo-2-aminobenzoic 
acid is identical with one of the constituents of the ancient 
Tyrian purple. Chloro-derivatives may be prepared from 
chlorinated phenylglycine - carboxylic acids. These halo- 
genated indigos are brighter in shade and much faster to 
bleaching agents than indigo itself. Ciba blue 2 B, or 5:5': 
7:7'-tetrabromoindigo is a dye of considerable commercial 
importance. 

The corresponding naphthalene homologues of indigo can 
be synthesized from a- and ^-naphthylamines by the chloro- 
acetic acid method. They are somewhat fugitive green dye- 
stuffs; the ^-compound when brominated gives a dibromo 
derivative known as Ciba green, 

C,„HsBr<g5j> C:C <g^>CioH4Br. 

Indigo yellow 3 G is indigo in which the two hydrogen 
atoms in the l-.T positions have become replaced by the 
bivalent benzylidene CTOup, CgH^-OiJ:, and is obtained by 
the action of benzyl chloride in nitrobenzene solution and in 
presence of copper powder; it is important, as when used in 
the same vat with indigo it gives |iniform shades of greert. 

The<thioindig08 are compouncL of commercial importance 
{FriedlandeVy 1905). Thioindigo red, or 2:2 bisthio-naphthene- 
indigo, in which the two NH groups of indigo are replaced 
by S atoms, is synthesized from thiosalicylic acid, HS-CgH^* 
Cp 2 H, and sodium chloroacetate (cf. Heurmnn synthesis. 
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p. 557). The first product is sodium phenyl thiogylcol-o- 
carboxylic acid, which loses water and carbon dioxide, yield- 

ing hydroxy-thionaphthene, from which 

thioindigo red is obtained by oxidation with potassium ferri- 
cyanide. Numerous halogenated, alkylated, and amino-deri- 
vatives of this compound have been prepared. An interesting 
synthesis of thioindigo red is by condensing acetylene dichlo- 
ride with sodium thiosalicylate to acetylene-bis-thiosalicylic 
acid, C 02 Na.Ct.H 4 .S.CH:CH.S-CgH 4 .C 02 H, which readily 
loses water yielding the dye {Munch, Z. Angew. 1907, 21, 
2059). Corresponding derivatives of the naphthalene series 
are also known. 

An important member is Ciba red G or Thioindigo 
scarlet G, 2'-thionaphthene-5:7-dibromo-3-indolindigo, 




xCO- 



and is obtained by condensing isatin with a-hydroxythionaph- 
thene and brominating, 

Ciba scarlet G is 2'-thionaphthene*acenaphthene indigo and 




is obtained by condensing acenaphthene quinone with hydroxy- 
thionaphthene. 

2. ANTHRAQUINONE VAT DYESTUFFS 

These are complex denvatives of anthraquinone, and can 
be reduced to alkali soluble leuco compounds corresponding 
with oxanthranol, 

and these on exposure to the air are oxidized back to the dyes. 

Ant^aflavine G, 

7 

CaH4<g>CaH,.^H:CH.CeH<^>C,H4, 


is one of the simplest members of this group, and is obtained 
by heating /3-methylanthraquinone with alcoholic potash at 
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150-170®. It dyes cotton a fast greenish-yellow. Indan- 
threne golden orange, or pyranthrene, obtained by heating 
2:2'-dimethyl-l:r*<iianthraquinoyl (1) has the formula (2): 



c Indan\;lirene blue R, one of the oldest and most important 
members of this group, is manufactured by heating j8-amino- 
aiithraquinone with potassium hydroxide and nitrate, and has 
the formula (3). When a higher temperature is used Indan- 
threne yellow G, or flavanthrene, formula (4), is obtained, 
and yields a blue reduction product. 



Algol blue E is the N-dimethyLderivative of indanthrene 
blue and Indanthrene bordeaux B is dichlorodiquinoyl-2:7- 
diaminoanthraquinone, CgHoCl(Co02)CgH3 • NH • C 6 H 3 (CoOo) • 
CeH3.NH.C3H3(CA)-CeH3CL 


3. SULPHURIZED VATNI'YESTUFFS 


These are obtained by heating anthracene and its deriva- 
tives at high temperatures, and are all compounds of unknown 
constitution. } 

Hydr on blue B is a very coupon cotton vat dye, and is 
manufactured from carbazolindophenol and sodium poly- 
sulphide. 
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LVJ. THE CHEMISTRY OF RUBBER 

In the domain of organic chemistry few subjects afford a 
better illustration of the interplay of scientific, technical, and 
commercial factors in the development of an industry than 
rubber does. 

The importance of the rubber industry can be gathered 
from the fact that even in 1911 it represented an annual 
value of about <£45,000,000 or roughly twice the value of the 
synthetic dyestuffs industry. 

Rubber is manufactured from the milky-white, sticky juice 
or latex produced when certain species of trees, shrubs, and 
creepers are tapped or cut. * » 

The three stages in the production of commercial rubber 
are: — 

1. The collection of the latex; 2, the coagulation of the 
latex, and the production of raw rubber or caoutchouc; and 
3, the curing or vulcanization of the raw rubber. 


A. Sources of Rubber. The Latex. Coagulation 

Sources of Rubber . — The chief rubber producing countries 
are: South America, notably the regions of the Amazon and 
Para, East and West Africa, the Malabar Coast of South 
India, Burma, Ceylon, the Malay Peninsula, Siam, and Cochin 
China. In South America the latex is obtained from species 
of Hevea, more particularly H. Siberi and H. braziliensis, a 
good specimen of which will yield as much as 22 lb. of rubber 
per annum. 

The trees are all of wild growth, and' are tapped in the 
early morning, when the yield of latex is high, by making 
incisions with a small iron hatchet, the first tapping being 
made about two metrej^f om the ground. The latex is caught 
in small tin-plate cups ; the tapping is continued for a week, 
each morning fresh incisions being made lower down the stem 
(sonfb 25 cm.), and the cups^moved to different positions. At 
the end of the week the latex is removed, and, after a^rocess 
of rough filtration, coagulaeed by exposure in a thin stream 
to the dense smoke obtained hy burning resinous woods. 
Rubber is also obtained from Castilloa costaricana in Mexico 
and South America, but the yield is only about 4-6 oz. pf 
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rubber per tree per annum. A third South American source 
of rubber is the shrub Partherdum argentatuin, which is har- 
vested, and the latex separated mechanically from the tissue, 
the product being known as “ Guayle rubber 

In tropical Africa numerous creepers, herbaceous plants, and 
trees yield latex, and are used as sources of rubber, the 
method of extraction varying with the nature of the source. 
Some of the older methods were based on the chopping down 
of all plants in a given area, a method which would rapidly 
lead to the exhaustion of supplies. The different governments 
concerned are endeavouring to replace such methods by more 
scientific ones. As a rule the African plants are not suited 
to the process of tapping, and the cutting down of certain 
iparked ^plants or trees, without interfering with the roots, is 
being adopted, new supplies being secured by new growths 
combined with restocking. In most cases a mechanical method 
of separating the latex is necessary. 

In Asia the whole of the rubber is derived from plantations 
and not from indigenous forests. Extensive plantations were 
laid down by the British in 1876 in Ceylon and the Federated 
Malay States, by the Dutch in 1882 in Java, Sumatra, Borneo, 
and in 1885 by the French in Tonkin, Cambodia, and Laos. 
The majority of the plantations consist of Hevea, which are 
propagated by seeds, or more frequently by cuttings. The 
trees begin to yield rubber in workable quantities when six to 
ten years old; at first they are tapped every other year, but 
when mature can be tapped every year, usually after the 
rainy season, and never during the period of flowering. The 
yield of rubber from a mature tree is about 3-5 to 4*5 lb. per 
annum. 

During the years 1908-17 the rubber production in the 
Amazon district hSs remained practically stationary at about 
38,000 tons a year, whereas the figures for plantation rubber 
have increased from 2200 tons in 1908 to 210,000 tons in 
1918, and 70 to 80 per cent of the^^-otal supply is produced 
within the British Empire. The statistics for 1918 are: — 
plantation para, 210,000 ^ South American wild para, 38,000, 
and other sorts, 12,000 tons. . ^ 

As j/lantation rubber is practically dry, and even hard Para 
rubber contains 20 per cent of moisture, 80 to 90 per cent of 
the total world’s supply of rubber is derived from plantations. 


^ For 1920, 340,000 tons. 
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It is generally admitted that the South American and 
African sources have reached their zenith, and that the pro- 
duction is not likely to increase in the near future. 

The enormous increase in the production of plantation 
rubber is largely due to the scientific management, the rela- 
tively low costs of production, and the better transport 
facilities as compared with South America. 

As a rule the plantation trees are not so hardy as wild trees, 
and too drastic tapping lowers their vitality, and renders 
them liable to suffer from parasitic diseases, and also from 
attacks by “ white ants ”. 

Attempts to cultivate species of Castilloa and Manihot 
(Ceara) have been made, but have not met with the same 
success as Hevea plantations, and the general tendency is for 
the disappearance from commerce of rubber derived from 
botanical sources other than Hevea. The raw rubber obtained 
from Hevea, Castilloa, and Manihot is rich in caoutchouc and 
poor in resins (2-7 per cent). Within recent years attention 
has been drawn to low-grade rubbers rich in resins.^ The 
most important of these is “Jetulong” or “Dead Borneo”, 
derived from Alstonia costulata (Miques), and Dyei'a costulata 
(Hooker). It contains 40-50 per cent of water, 30-40 per 
cent of resins soluble in acetone, and 15-20 per cent of 
caoutchouc. After removal of the resins by extraction it 
yields a rubber which is said to be of excellent quality, and 
the extracted resins themselves also find commercial uses. 

The Latex , — The latex of Hevea is a white liquid with the 
consistency of cows’ milk, and is more or less sticky according 
to the amount of mbber it contains, a factor which also 
appreciably affects its specific gravity. The latex appears to 
be an emulsion of rubber in water which holds in suspense or 
solution glucosides, sugars, resins, proteins* enzymes, organic 
acids, ana mineral salts. The composition varies within wide 
limits according to the botanical source, the age of the plant, 
the season, the methoc^of production, and the height above 
ground at which tapping occurs. Cf. de Vnes, Comm. Central 
Kubber Stat. Brutzenzorg, Java, 1918, 2 , 241; 1919, 3 , 128, 
137,^07; Whithy^ Ind. J., 1919, 68, 895. The percentage of 
rubber tends to increase wi^ the age of the tree (as*a rule 
trees should not be tapped imtil they are 6-10 years old), and 
to diminish with the height of the tap hole from the ground. 

^ The resins are soluble in absolute alcohol or acetone, whereas caoutchouc 
is not. 
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The following may be taken as typical analyses of Hevea 
latex : — 

Amazon Delta. Ceylon Plantation. 


Water 

... 47-0 

... 

... 56.2 

Caoutchouc 

... 32-0 


... 41-3 

Mineral salts 

... 9-7 

... 

... 0.4 

Proteins ... 

... 2-3 

... 

... 2-2 

Besins 

... 9-0 

... 

... 2.0 

Sugars 

— 

... 

... 0.4 


Nearly all latices contain small amounts of sugars and 
glucosides. Most of the sugars appear to be related to inositol 
(p. 446), and not to the glucose group. The substance known 
as l)a]nboiiite, and present in most latices appears to 

be an inositol dimethyl ether, (OCH 3 ) 2 . Z-Inositol 

monomethyl ether is also present in Hevea latex {Pickles and 
Whiifeild^ Proc. Chem. Soc., 1911, 27, 54). 

Many latices are alkaline to litmus when freshly tapped, 
but when kept they undergo bacterial fermentation producing 
organic acids, mainly lactic, which bring about coagulation. 
The latices from species of Ficus are acid, the acidity being 
due to a peculiar organic acid, the sodium and potassium salts 
of which are insoluble. Oxidases are usually present, and 
when exposed to the air the latex tends to turn brown, or, in 
the course of a few hours, almost black. The addition of a 
little sodium bisulphite prevents this darkening without im- 
pairing the properties of the rubber. 

The suggestions which have been made as to the function 
of the latex in the plant are: 1, it is a reservoir of nutritive 
material in the plant; 2, it is a waste product; 3, it is a pro- 
tective material produced by the plant to assist in healing 
wounds, and to protect the plant against insect attacks. The 
real function of Hfevea latex is undoubtedly multiple in char- 
acter. It serves as a reservoir of nutritive substances and of 
water; it is a medium for the transportation of materials 
necessary for the growth of the ^h^nts, and also possesses 
protective properties. 

Coagulation. — There are three different methods of coagula- 
tion adopted in practice, viz.: — ® 

1. Tbe smoking process adopted in the Amazonian district, 
and already mentioned (p. 849). 'This process consists partly 
in the coagulation of the rubber by the rapid evaporation of 
the serum as it is exposed in a thin layer to hot smoke, partly 
in the coagulation by the acids present in the smoke, viz. 
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carbonic, formic, and acetic, and preservation of the rubber 
from decomposition by the creosote contained in the tar. 
The process consists in allowing the latex to flow slowly on to 
a large wooden paddle, which is slowly rotated by hand in 
the dense smoke. The process is continued until 20-100 lb, 
of rubber have been built up on the paddle, and this con- 
stitutes the “fine Para” of commerce. Types of smoking 
machines have also been introduced. 

2. The Acid Process . — The great bulk of the plantation latex 
is usually coagulated by acetic acid. Other acids or acidic 
substances can also be used, for example, formic, lactic, sul- 
phuric acids, sodium hydrogen sulphate, alum, sulphurous 
acid, &c. During the war the difficulty of obtaining acetic 
acid led the rubber makers to use several of thes^ This 
process of coagulation necessitates careful washing of the raw 
rubber in order to remove the acid. 

Numerous other chemicals have been suggested and patented, 
but most of them are not suitable, as there is difficulty in 
removing them from the coagulated rubber by washing, owing 
to the strongly absorptive properties of rubber, and also the 
vulcanized rubber shows a greater tendency to perish when 
some of them are used in the coagulating process. The 
quantity of acetic acid used is usually 1-2 per cent of glacial 
acid calculated on the latex, but can be varied within fairly 
wide limits. The addition of too much is harmful, as the 
rubber obtained does not cure so readily. 

In actual practice the amount of acetic acid added for 
coagulation is usually insufficient to produce coagulation by 
itself, and the view now generally held is that the coagula- 
tion is due to an enzyme ^hich is activated by the addition 
of acid, and that the process is somewhat analogous to the 
setting of milk by rennet {Banvwcliff^ J. S. C. I. 1918, 87, 
48 T.). 

The addition of a large ynount of acid destroys the enzyme, 
and the coagulation is ^en due to the action of the acid on 
the negative suspensoid. 

3. ^utchcoagulation. — When the latex is mixed with about 
0-2 per cent of glucose and kept, coagulation due to non- 
putref active bacterial action occurs, and is complete in ei^teen 
hours. The coagulum has a sweet odour, whereas in the 
absence of glucose putrefactive bacteria tend to develop, and 
the coagulum acquires a disgusting odour. If air is excluded 
the coagulation is not complete. This method is used in the 
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Malay Peninsula, and may in time replace the acid process. 

Various statements have been made with reference to the 
relative values of Para and plantation rubber. It has been 
stated that the washing necessary in the acid coagulation 
process impairs the value of the rubber. Others state that 
plantation rubber is as good as, or even better than, Brazil 
Para (compare J. S. C. I. 1915, 34 , 989; 1916, 36 , 263, 
493, 1715; 1918, 37 , 237 R., 95T., 48 T., 262 T.). It 
is usually free from dirt which is found in Para rubber. At 
any rate, “ fine Para ” fetches a higher price than plantation 
rubber on the market. One draw^ck of plantation rubber 
is^that it usually does not vulcanize so readily (see, however, 
p. 874, and compare Whitby^ J. S. C. I. 1916, 35 , 493). In 
Ceylon* and elsewhere the raw rubber produced by the acid 
coagulation process is subsequently smoked. For variability 
of plantation rubber, cf. Eaton, Grantham, and Day (Ag. Bull. 
F. M. S. 1918, 27 , 1). 

Theories of Coagulation. — Weber's views on coagulation are 
that the process is entirely dependent on the presence of 
coagulable proteins in the latex, and thus the process of 
coagulation is strictly comparable with the clarification of 
wines or beer by means of gelatine. It follows that the 
coagulation of the latex can be effected by means of any 
of the precipitants of albumen, and that the rate of 
coagulation is a function of the nature of the albuminoids 
and of the amount of inorganic matter present in the serum. 
Substances which interact vigorously with proteins produce 
instantaneous coagulation. Gardner, on the other hand, claims 
that proteins are not indispensable for coagulation; by 
digesting the proteins with papain, and removing the pro- 
ducts of digestion by dialysis he obtained a protein-free latex 
which could be coagulated by pouring into absolute alcohol. 
The proteins probably function as emulsifying agents and 
keep the oily drops in the serum the membrane enveloping 
the rubber globules does not consist of protein, as it resists the 
action of papain. V, Henri claims that rubber latex is an 
ordinary negative colloid, and behaves as such when the 
mineral salts are removed by dialysis. In the latex the 
globifltes are negatively charged with respect to the liquid 
or serum in which they are sus^iended, and, as in other cases 
of negative emulsions, the precipitation can be effected by 
means of small amounts of acids, or by salts of the bi- and 
^«ervalent metals irrespective of the acid radical. 
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These views are now generally accepted, and the latex is 
regarded as a milky fluid containing minute globules of a 
colloid (Hinrichsen and Kindscher^ J. S. C. L 1910, 29, 34), 
probably rubber itself, in a state of colloidal suspension in 
an aqueous fluid. In Hevea latex the globules are microscopic 
and show Brownian movements. It is a negative suspensoid 
and behaves as such; acids produce coagulation or precipita- 
tion, and alkalis increase the stability of the suspension. The 
protein content of the latex increases the stability of the 
suspensoid, the dissolved protein or peptone acting as a pro- 
tective colloid. 

A view held by some chemists is that coagulation in both 
processes is due to an enzyme, and that the function of Che 
added acid is to activate the enzyme present in tke late^ 
(Barrowdiff, J. S. C. 1. 1918, 37, 48 T., 262 T.; Whitby^ Ag. 
iSull. F. M. S. 1918, 6 , 374); other chemists (ibid. 1916, 4 , 
28; 1917, 6, 48; J. S. C. 1. 1918, 631 A.) hold that in the 
auto - coagulation process the activity is due to bacterial 
agency. 

If the latex is freed from saline matter by dialysis through 
a collodion film, salts of univalent metals have practically 
no effect, salts of bivalent metals produce coagulation at any 
concentration above normal, and salts of tervalent metals 
at concentration greater than 0 • 05 N. Acids produce the same 
effect at concentration of 0*5 N. {V, Henr% C. E. 1907, 
144 , 431.) 


B. Raw Rubber or Caoutchouc 

The clots formed during coagulation consist of separate 
particles united to form a tenacious elastic network, and 
the structure of the clot varies with ttfe coagulant used. 
Weak coagulants produce a network with an open mesh 
and slight elasticity, w^reas strong coagulants produce a 
close mesh and a clot high elasticity. 

Like most gels, rubb& itself is an emulsoid consisting of the 
collojd hydrocarbon rubber (C^qH^^)^ in a fine state of disper- 
sion in a colloidal medium, consisting partly of protein, but 
mainly of a modification oi rubber. Thus rubber n^ only 
forms the disperse phase, but also its own dispersion medium. 

During the process of coagulation a portion of the resins, 
proteins, and mineral salts are precipitated with the rubber. 
Fara rubber contains much larger quantities of these impurities 
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than plantation, and the presence of some of the nitrogenous 
substances is advantageous as it facilitates the subsequent 
process of curing. 

Most of these impurities can be removed by dissolving the 
rubber in a suitable solvent. As in the case of most gels, 
the solution is preceded by a process of swelling or adsoiption 
of solvent, and, finally, a colloidal solution of high viscosity 
is obtained which is difficult to filter. Benzene can be used in 
this way, and if a little trichloracetic acid is added subse- 
quently the solution becomes limpid, and can be easily 
separated from the impurities. Carbon disulphide, benzene, 
and chloroform yield almost transparent clear solutions, 
whereas ether and petroleum ether yield turbid liquids. 
The ttffbidity is due to the fact that the rubber is not so 
soluble in these solvents, and the insoluble part exists in a 
finely dispersed form throughout the solution. Even the 
apparently clear benzene solutions exhibit discontinuity under 
the ultra-microscope. In a similar manner, if a 2 per cent 
solution of rubber in light petroleum is exposed for three 
minutes to ultra-violet rays from a Westinghouse lamp, a 
limpid solution is obtained. 

Para rubber contains about 6 per cent of insoluble matter 
rich in oxygen, and consisting of {a) intermediate products in 
the formation of rubber; (6) oxygenated derivatives of rubber; 
(c) highly-polymerized hydrocarbons ; (d) proteins ; (e) enzymes, 
such as oxidases, which can produce discoloration of the 
rubber. 

The impurities, e.^. resins and proteins, present in the raw 
rubber are not removed in practice, as the expense would be 
great, and as it has been found that the resins tend to prevent 
the oxidation of the rubber, and the proteins accelerate the 
process of vulcanization. 

The soluble portion consists of a hydrocarbon (CioHjg)^, but 
usually contains combined oxygen, e.ff. 0-61 per cent in 
Para. 

The following are the most characteVistic derivatives which 
caoutchouc forms. A tetrabromide, CioHigBr4 {Gladstone and 
Hibheri, JFeher) which has no definite melting-point but decom- 
poses Vhen heated. An iodide,. CjoH^glg {Weber\ in the form 
of a brown powder decomposed by light or heat. A dihydro- 
ohloride, A monohydriodide, G^qB.^^1 (B. 1913, 46, 

1283). The product obtained by the removal of halogen 
hydracids from these compounds by means of bases is not 
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identical with the original caoutchouc, and is termed a-iso- 
caoutchouc (B. 1913, 46, 736). A nitrosite (C,oHigN208)n 
{Harries^ B. 1900, 33, 779), obtained by passing dry nitrous 
anhydride fumes into a benzene solution of pure rubber, is a 
friable, greenish solid, insoluble in most solvents, and has no 
definite melting-point. A nitrosite, CgoHjoO^^Ng, obtained by 
passing moist nitrous gases into a benzene solution of rubber; 
it decomposes at 158°-162°, and is used in estimating rubber. 
An ozonide, obtained by passing purified ozonized 

air into a 1 per cent chloroform solution of rubber {Hairies^ 
B. 1904, 37, 2708 ; 191 2, 46, 936), evaporating to dryness at 20°, 
dissolving in ethyl acetate, and precipitating with petroleum 
ether. It forms an explosive vitreous mass, melting at 50°, 
and is soluble in most solvents. * 

The empirical formula deduced from analysis is CgHg, and 
the formation of the derivatives already described indicates 
that the simplest formula is with two olefine linkings 

in the molecule, as the smallest molecular weight for the 
ozonide, determined by the cryoscopic and ebulliscopic 
methods, is 230. The general properties indicate a much 
more complex molecule, but as the molecular weight cannot be 
determined, the value of n in the formula (CigHjg)^ is uncertain, 
but is usually accepted at 6-8. At temperatures up to 180° 
the complex CigHig is still retained, although the ordinary 
physical characteristics have altered. At higher temperatures 
decomposition products are formed, and oily products equal in 
weight to 84 per cent of the rubber used are obtained. This 
distillate dissolves raw rubber at the ordinary temperature, 
and contains butylene, isoprene (p. 602), a terpene hydro- 
carbon, caoutchine (boiling, at 176°-180°, and since proved 
to be dipentene), and a sesquiterpene, hpvene, boiling at 
255°-265° {0, Williains, 1860, and G, Boudimdat^ Bull. 1875, 
24, 108). 

Constitution of Caoutchouc. — The constitution is largely 
based upon the folloj^ing considerations : — (a) the dose 
relationship between isoprene and rubber ; {h) the formation of 
the additive compounds mentioned above; and (c) a study of 
the decomposition products of the ozonide. 

Tilden (Cheni. News, 1882, 46, 220), who prepared isd^rene 
by breaking down pinene and uipentene, was the first to suggest 
the constitution of isoprene as 2-methyl-A^=* -butadiene (p. 602), 
a conclusion which has since been confirmed by various syn- 
theses. As isoprene yields caoutchouc under the influence of 
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heat or of small amounts of various chemicals, the latter 
would appear to be a polymer of isoprene. Its reactions with 
bromine, hydrogen chloride, nitrogen peroxide, and ozone 
indicate the presence of two olefine linkings in each CiqHi- 
portion of the molecule. When the ozonide is decomposed 
by boiling water the products are Isevulic aldehyde, 
CHg • CO • CHg • CHg • CHO, and laevulic aldehyde peroxide, 
which yields laevulic acid (p. 238), and hydrogen peroxide. 
It is claimed by Harries that these facts are most readily 
explicable if the ozonide is represented as containing a cyclic 
nucleus with an 8-membered carbon ring, e.g. 


•o<5 


qX^(CH 3)C . CHg . CHg . CH — / 


CH . CHg • CHg . CXCHg) 




The rupture takes place as represented by the dotted line, 
and the products are laevulic aldehyde and laevulic aldehyde 
peroxide : 

CHg.C-CHg.CHg.CH O.CH.CHg.CHg.C.CHo. 

A I <A> ' 


The decomposition is thus analogous to that of other 
ozonides derived from olefine compounds (p. 671), and the 
original hydrocarbon from which the ozonide was derived 
must be 2;6-dimethyl-cyclo Al : 5-octadiene ; 

CHg. C. CHg. CHg. CH 

IlH-CHj.CHjj.LcHa, 


and the caoutchouc molecule a polymeride of this. 

The rubber unit, CiqHj^, is extremely interesting as being a 
representative of an 8-membered cac^bon ring, the saturated 
parent substance of which is octamethylene or cyclo-octane, 

(compare Poly methylenes, ^ Chap. 

XVI)*!’ Numerous derivatives o^this are known. One of these 

is the cyclic ketone, azelaone, 1 

obtained by heating the calcium salt of azelaic acid (p. 171), 
«,nd another is Willstatter^s cyclo-A^-® octadiene, obtained from 
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a ketonic alkaloid, pseudopelletierine or methylgranatanine, 
present in pomegranate peel (cf. p. 876). . 

CHjj . OH . OHg 
CHa NMe CO 
CHg • OH • CHa 


The corresponding dimethyl derivative has not been isolated, 
and the number of such groups in the caoutchouc molecule, 
and the manner in which they are attached to one another, 
are still matters of speculation. According to Harries the 
union is by means of partial valencies, and the action of ozone 
is first to produce depolymerization. 

Harries (A. 1914, 406 , 173) has modified his views, aad now^ 
regards the unit of the caoutchouc molecule as (CgHg)^ or 

^26^40 * 

pTx /CH2-CMe;CH .CHa-CHa-CMerCH .CHa-CHa 
:CMe.CH2-CH2*CH :OMe.CH2-CH2-CH 



This change is mainly due to the fact that a-isocaoutchouc 
(p. 857) yields an ozonide which on decomposition gives rise to 
the following compounds: — laBVulic aldehyde; diacetylpropane, 
CH3.CO.rCH2l3-CO.CH3; undekatrione, 

CO • [CH J3 . CO . CHo ; pentadekatrione, CH3 • CO • [CE.% • 
C0-[CH2X*C0-[CH2]3.C0-CH3, and the corresponding acids. 
The caoutchouc ring is thus represented as built up of 20 carbon 
atoms with 5 methyl substituents and 5 olefine linkings. 

Webe^\ Pickles (J. C. S., 1910, 97, 1088), and others consider 
the caoutchouc complex is a long chain built up from CgHg 
groups by normal polymerization, and with the two ends 
joined to form a closed ring, e.g, 

CHa-CMeiCH.CHa-CHa.CMerCH. CHa-CHa-CMerCH. CH2 


The number of the C^Hg groups is uncertain, but Pickles 
suggests at least 8. In ^this polymerization a shifting of 
olefine linkings has tal^n place. According to Pickles the 
formation and decomposition of the ozonide can be accounted 
for a% follows; — A molecule of ozone is added on at each 
olefine linking 

1 . ~CH2.CH2.a^(CH3):CH.CH2.CH2— 

11. — — CHs-CHa-CMe-CH-CHa-CHa— 

III. -* -CH,.CH,.CMe:0:0:0:CH.CH,.CH,— . 
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The union between the carbon atoms is then ruptured, so that 
the ozonide has the structure No. Ill, which is decomposed 
by water into laevulic aldehyde and the corresponding per- 
oxide. 

C. Synthetic Rubber 

In all synthetic processes for the production of rubber there 
are the two distinct stages, viz.: (1) the preparation of 
isoprene, or of a homologue containing the conjugate linking, 
C:CH'CH:C ; (2) the polymerization of this hydro- 
carbon to rubber. 

• The pure chemist regards the actual synthesis as the final 
argument in favour of a particular constitution of the com- 
pound based on analytical reactions. This point of view is 
also of interest in discussing the structure of isoprene and 
indirectly of rubber. The view put forward by Tilden in 1882 
that isoprene is 2-methyl- A'-® butadiene, CHj^rCMe-CHiCHg, 
has since been confirmed by various syntheses. The technical 
chemist, on the other hand, is apt to regard a synthesis from 
the commercial point of view, and his object is to obtain a 
laboratory method of producing the compound which will 
enable the manufacturer to put the artificial product on the 
market at a price which will compete with the product obtained 
from natural sources. The numerous processes which have 
been described within the last few years for preparing isoprene, 
its homologues and analogues, have, in most cases, been 
worked at with this object in view. It is clear that, in order 
to put on the market an artificial rubber, which shall compete 
successfully with plantation rubber, the cost of producing 
which has been worked out at .about tenpence per pound, 
the following conditions must be fulfilled: — 

1. The raw material used must be available in sufficient 
quantity, and at a sufficiently low price. In many of the 
methods of making isoprene starch has been used as the raw 
material. There is an abundance ofi<this material, but as the 
prices of all cereals have appreciated in value within the past 
few years, the possibility of the successful solution pf the 
synthetic rubbei industry appears to be as remote as ever. 
Similar statements hold good ^or coal-tar products and low 
boiling petroleum fractions. 

2. The materials used in the various stages of the synthesis 
must also be relatively cheap, and the use of sodium, methyl 
iodide, bromine, &c., is impossible. 
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3. The number of intermediate stages should be few. 

4. The yields of the intermediate products obtained in the 
different stages must be good. Cf. X B, Farmery J. R S. A., 

1918, 66 , 490; Duisbergy Z. Electro., 1918, 24 , 369; J. I. K. C., 

1919, 11 , 819. 

An important question in connection with artificial rubber 
is the identity of the natural and synthetic products. The 
natural rubber molecule contains the complex or 

several such complexes. It might be possible to build up a 
synthetic product in which the CioHig unit was the same as in 
the natural product but with a formula Further 

possibilities are that the unit is isomeric, and t^ot 

identical with the CiqH^ unit in natural rubber, and lastly, 
the possibility of substituting a homologous group,* 

or for The possibilities of realizing 

such syntheses are obvious when it is remembered that the 
process of polymerization is characteristic not only of isoprene 
but of all analogous hydrocarbons containing the conjugate 
olefine linking, C : C • C : C. Examples of such compounds are 

12 8 4 

1. Butadiene or erythrene, CHg! CH *011:0112; 1;3-Penta- 
diene or piperylene, OHtOH-OHrOH-OHg. 

2. 2:3-Dimethylbutadiene or methylisoprene, 0H2:0Me* 
OMerOHg {Kmdokoffy J. pr. 1901 [ii], 64 , 109). 

3. l-Phenylbutadiene, OgH^ * OH : OH * OH * OHg {KlageSy 
B. 1902, 35, 2649). 

4. 1-Bromobutadiene, OHBr:OH*OH:OH 2 {Willstatter and 
Brucey B. 1907, 40 , 3979). 

5. Dihydrotoluene, methylcyclohexadiene {HarrieSy B. 1901, 

300). ^CH-CH 

6. Oyclopentadiene, CH^ i {Kronskiriy B. 1902, 36, 

4151). \0H2*0H 

According to Lehedeffy in hydrocarbons containing a con- 
jugate ethylene linking J}he velocity of polymerization is 
greatest when the atonM 1 and 4 in the system are heavily 
and the atoms 2 and 3 less heavily laden. 

Tljy condensation products of many of these compounds are 
sticky masses of no value as rubber substitutes; others, e.g, 
butadiene yield products which are somewhat difficult ^o dis- 
tinguish from natural rubberf 

Formation of Isoprene and its homolognes. — For summary 
of methods cf. Osiromisslenskiy J. Russ. 1915, 47, 1472; Abs., 
1916, i, 2. 
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Methods of Theoretical Importance 


1. Methods of destructive distillation. 

By distilling rubber under atmospheric pressure JVeher 
obtained 6*2 per cent of isoprene, 46 per cent of dipentene, 
and 26 *8 per cent of polyterpenes. Fischer and Har’ties work- 
ing under a pressure of 0*25 mm., obtained only small yields 
of isoprene and dipentene. In 1884 I'ilden prepared small 
amounts of isoprene by passing the vapour of pinene or dipen- 
tene through an iron tube at a dull red heat. According to 
Ipatieff the optimum temperature is 270°-280°. Myrcene and 
sylvestrene also yield isoprene, but terpinolene, carvestrene, 
terpinene, and camphene do not (compare formulae, pp. 610, 
611, 62*6). Harris and Gottlob (A. 1911, 383, 228) obtained a 
40 per cent yield of isoprene by allowing the vapour of di- 
pentene to come in contact with a platinum wire 120 cm. long, 
and with a resistance of 90 ohms, at a moderate red heat. By 
means of a condenser the undecomposed terpene is made to 
flow back into the original vessel, whereas the isoprene 
vapours pass on, and are subsequently condensed by means of 
a refrigerating plant. The yield can be raised to about 60 
per cent by working under a pressure of 2-3 mm. {Standinger 
and Klever, B,, 1911, 44, 2212). 

Sulphur dioxide is frequently used for purifying isoprene 
or butadiene. Liquid sulphur dioxide completely absorbs 
either compound, and they can be isolated by distillation. 
Another method is to pass sulphur dioxide gas into an acetone 
solution of the impure hydrocarbon, when a white precipitate 
is formed. 

2. From methane. 

By passing methane over carbon impregnated with copper 
oxide, and heated to 400°-450°, a 42 per cent yield of pro- 
pylene, together with ethylene (36 per cent) and higher 
olefines and hydrogen, is obtained^i The propylene is mixed 
with acetylene, and passed over aniit^l charcoal at 150°, the 
first product is ii-propylacetylene, and this changes into 
isoprene. •• 


CFo.CHiCHa + CHiCH — CH3.CH2.CHjj.C:CH 

, CH2:C(CH3).CH:CH2. 


The ethylene can react in a similar manner with acetylene 
yielding ethylacetylene, which is isomerized to butadiene 
when passed over pumice heated at 300°. 
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3. From amyl alcohol, as represented by the following 
scheme {Kondakoff )\ — 

(CH3)2C:CH.CH3 (p. 52) — (CH3)2CCl.CHCl-CHs 
Trimethylethylene Cl^ 

— CH2:0(CH3).CH:CH2, 

Alcoholic Iiopreue 

KOH 

the yield is about 7 per cent of the weight of the trimethyh 
ethylene used. 

The dibromide of trimethylethylene when heated with soda 
lime yields isoprene, but with alcoholic potash gives dimethyl- 
allene. Numerous methods of obtaining trimethylethylene 
and its dibromide have been worked out, one of them is as 
follows : — • « 

(CH3)2C0 C(CH3)2‘C(0H).CH2-CH3 C(CH3)2:CH.CH3. 

Acetone MgEtBr Dehydrated 


4. From propylene (Eider, B. 1895, 28, 2952; 1897, 30, 
1989). 

CH3.CH:CH2 — CHs-CHBr.CHjBr — CH3.CH(CN).CH..CN 

Br, KCN 


Reduced in alkaline 
solution 


NH2.CH3.CH(CH3).CH3.CH2.NH3 


— OH.CHg-CHCCHjl.CHj-CHj.OH 

HNO 2 

HBr I Dehydration 

CH3Br.CH(CH3).CH3.CI^Br CH3:qCH3).CH:CH3. 

Quinoline 


The final product is isoprene in a pure form. 

5. From 2-methyl-2 : 4>dibromobutane, (CH 3 ) 2 CBr • CHg • 
CHgBr, which can be prepared by the addition of hydrogen 
bromide to dimethylallene, or the addition of bromine to 
l:l-dimethylcyclopropane (p. 342), by the elimination of 
hydrogen bromide. The hydrocarbon prepared by this method 
is not pure, and probably contains dimethylallene, as obviously 
hydrc^en bromide can be eliminated in two different ways. 

6, JFrom ethyl acrylate (p. 170), by Harries and Neresheim-er 
(1906), as indicated in the following scheme: 

# ^Mgl 

CHjtCH.CO.OEt — CH.,:CH-C— CHg 

CHiMgl ^ 

— CH3;CH.C(0H)(CH,)2 

Water Dehydrated v 3/ 2 
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7. From acetone and ethyl a-bromcmropionate. These 
react with zinc according to the Meformatsky reaction 
(p. 272), yielding (CH 3 ) 2 C(OH) • CH(CHo) • CO^t, from 
which ethyl trimethylacrylate, (CH 8 ) 2 C : U(CH^)C/ 02 Et, is 
obtained by the elimination of water, and this in its turn, 
by conversion into its dibromide and heating with caustic 
soda, gives isoprene. 

Another method of obtaining isoprene from acetone is by 
condensing the acetone with ethylene made from acetylene 
and hydrogen: 

CHaiCHg + CCXCHa)., — CH2:CH(CH3)2-OH. 


The alcohol, isopropenyl alcohol, when dehydrated, yields 
isoprene together with dimethylallene. 

8. From amines by the process of exhaustive methylation 
(p. 588). This is a general method for obtaining unsaturated 
compounds from amino derivatives of saturated hydrocarbons. 
The process consists in converting the amine into a quaternary 
ammonium iodide, and subsequently into the corresponding 
hydroxide by means of moist silver oxide, or sometimes by means 
of potassium hydroxide and then distilling the quaternary base. 

Euler (B. 1897, 36, 1989; J. pr. 1898 [ii], 67, 131) obtained 
isoprene from ^-methylpyrrolidine (p. 603) by this process. 
The reaction takes place in two stages, the first resulting 
in the rupture of the ring, and the second in the formation 
of the unsaturated hydrocarbon. 


CHg —CH 
CHMe-CH 


*>NH ~^*>NMe,I 

2^ CHsi CHMe.CHj"^ ^ 


KOS 


CHa : OH . CHMe • CHa • N Me 


2 


— CHarCH.CHMe.CHa-NMegl 
CH 3 I 

— CH«;CH.CMe:OH2 + NMe,, + HI. 
KOH 


Pyrrolidine when treated in a similar manner gives a small 
peld of butadiene. 

9. Ail interesting method of formation of ^y-dimethyl- 
butadiene or methyl-isoprene, OHg : C(CH 3 ) • C(CH 3 ) : CHo, is 
from pinacone (p. 200), and, provided acetone could be 
obtained in sufficient quantity and at a low price, this might 
prove a method adapted for commercial work. The acetone 
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is reduced by means of magnesium amalgam, or with 
aluminium and alkali; according to Hollemafis process, the 
magnesium amalgam is produced electrolytically in situ and 
acts upon the acetone in the nascent state. The yields are 
good and the process rapid, especially in the presence of a 
little mercuric chloride. 

The methylisoprene is made by the action of sulphates 
having an acid reaction, e.g. alum or copper sulphate, on 
pinacone at 140°, or better by passing pinacone over alumina 
heated to 400°, when a 70 per cent yield of hydrocarbon, 
boiling at 69°, is obtained. 

Methods which migrht be of Commercial 
Importance 

1. English Process. — By the fractional distillation of fusel 
oil (pp. 79, 736) an amyl alcohol boiling at 128°-13r is 
obtained. This contains 87 per cent of isoamylalcohol, 
(CH3)2CH*CH2*CH2*0H, and 13 per cent of active amyl 
alcohol, CH3 . CHg • CH(CH3) . CHg . OH (p. 84). Dry hydro- 
gen chloride converts the alcohols into the corresponding 
amyl chlorides, and the fraction boiling at 97°-! 01° is 
separately collected and subjected to the action of chlorine in 
bright sunlight in a special apparatus, so arranged that the 
vapour of the boiling liquid enters a globe attached to a reflux 
condenser and reacts with chlorine in the globe. The reaction 
is stopped as soon as the thermometer immersed in the vapour 
registers the required temperature. The liquid is then 
fractionated, and the product, boiling at 140°-175°, collected 
separately. This fracticfii contains the following dichloro 
compounds, mainly No. 2: 

1. (CH3)2CH-CHC1.CH3C1, boiling-point 142*^; 

2. (CHgiaCCl-CHg^CHgCl, boiling-point 162°; 

3. CHaCl.CH(a)H3).CH2.CHaCl, boiling-point 170°; 

all t)f which have been isolated and their structural formulae 
established {Perkin, J. S. C. I. 1912, 31, 621). When this 
mixture is passed over course soda lime heated at ^0°, and 
the product collected and fractionated, a 40 per cent yield 
of isoprene, boiling at 28°-36°, can be obtained. The chief 
drawback of the method is the limited amount of fusel oil 
(B480) 29 
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available (in 1912 the estimated amount was 35,000 tons), 
and its comparatively high price owing to the fact that it 
finds application in the varnish and other industries. 
Numerous investigations on the yields of amyl alcohol from 
different starchy materials and using different organisms have 
been carried out (cf. Dubose and iMtrxnger^ Eng. trans., 
pp. 289-292), and numerous methods have been suggested 
for increasing the yields of fusel oil, more particularly of 
amyl alcohol during alcoholic fermentation; one of the most 
important of these is the addition of amino acids, more 
particularly the addition of material rich in leucine (p. 736), 
to the fermenting mass, suitable materials being the 
by-products of sugar refineries and the vinasse residuals of 
the distillery. 

' An exactly analogous method is the formation of butadiene 
from n-butyl alcohol. The butyl alcohol required for this 
purpose can be obtained by a method due to Fernhach^ and 
consists in fermenting a starch mass, e.g. maize, with a special 
anaerobic micro-organism, which yields n-butyl alcohol and 
acetone roughly in the proportions 2:1 by weight. The 
organism of Fernbach is probably identical with the Bacillus 
butylicus discovered by Fitz (B. 1878, 11, 13, 481, 878. 
Compare also Perdrix^ Zeit. Spir. Ind. 1891, 14, 177). 
The optimum temperature is 30''-40°, and by-products are 
hydrogen and carbon dioxide. The reaction has been used 
for the production of acetone for military purposes. 

The conversion of the alcohol into butadiene consists in 
forming w-butyl chloride, chlorinating this in sunlight, when 
a mixture of — 

CHg • CHg • CHCl • CHgCl, o/S-dichlorobutane, boiling-point 1 25°, 
CHg.CHCl.CHg.CHpCl, ay- „ „ „ „ 137°, 

CHgCl* CHg -CHj *011201, a5- „ „ „ „ very high, 

is obtained, and this mixture reacts with soda lime at 470°, 
yielding butadiene. \ 

The chief drawback of the method is the costly nature of 
the raw material starch. ^ 

Another synthesis of butadiene which may have commercial 
possibilhies is the polymerization of acetaldehyde to aldol 
(p. 137) or aldol hydrate under the influence of concentrated 
potassium carbonate solution. The subsequent changes are 
shown in the following scheme: 
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CH3-CH(0H)-CH2.CH:0 — CH3.CH(0H).CH2.i.H2 0H 

Aldol Magnesium 

amalgam 

— CHg.CHCl.CHo.CHoCl — CHazCH-CHiOHj, 

HCl Soda lime 

at 400° 

The acetaldehyde required would probably be most readily 
manufactured by the nydration of acetylene from calcium 
carbide, and it has been calculated that 4 lb. of calcium carbide 
would be required for the production of 1 lb. of rubber if 
50 per cent yields are obtained in each operation. 

German Synthesis. — This synthesis, due to Hofmann and 
Ooutelle (German patent), starts with phenol or cresol derived - 
from coal tar. jt?-Cresol, OH • CgH^ * CH. (p. 442), When 
reduced by the Sabaiier-Senderens^ method (p. 655^, yields 

2»-methylcyclohexanol, CH3.0H<^^2;^^2^CH.OH, which 

is oxidized by nitric acid to jS-methyladipic acid, 
C0,H.CH2.CH(CH3).CH2-CH2.C02H, the diamide of which 
with hypochlorous acid {Hofmann reaction, p. 110) yields 
^-methyltetramethylenediamine, NH2 • CHg • CH(CHg) • CHg • 
CH2*NH2, from which pure isoprene can be obtained by 
exhaustive methylation (p. 864). 

Butadiene can be obtained in a similar manner from phenol. 
Although the different reactions work well, the costly nature 
of the processes of reduction, and more especially of methyla- 
tion, are somewhat against the commercial development of the 
process. 

Adipic acid and its homologues can be obtained by the 
prolonged oxidation of hexamethylene and its homologues 
contained in Caucasian petroleum fractions (p. 43), and 
hence such fractions might serve as a source of butadiene and 
isoprene. • 

Another method suggested is to use the low-boiling fractions 
of American petroleum; these are rich in pentane and iso- 
pentanes, and dienes migfit be obtained by preparing dichloro 
derivatives and subsecfUently eliminating hydrogen chloride as 
in the case of amyl and butyl alcohols {Perkin), No details 
are*available, and the increasing demand for petrol entails a 
high price for the original raw material. • 

Sussian Synthesis. — {Ostfom^jslenski, J. Buss. 1915, 47, 1494, 
1509; J. S. C. I. 1916, 35, 70.) Ethyl alcohol when passed 
with a little air over heated copper gauze is partially oxidized 
to aldehyde, and when the mixture of alcohol and aldehyde 
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is passed over heated alumina at 360°-460° water and buta- 
diene are produced. 

CHa.CHtO + CHg.CHg-OH -- CHarCH-CHiCHa + 2 Hp. 


A yield of 25 parts by weight of crude butadiene for every 
100 parts by weight of mixture can be obtained. 

Heinemann’s Starch Process. — {Annaleuy 1911, 383, 164.) 
By the action of dilute mineral acids on starch or sav^dust 
under pressure ^preciable quantities of Isevulic acid (p. 238) 
are obtained. This acid reacts with phosphorus trisulphide 
yielding a-methylthiophene, 

CHa-CO-CHa CH:C(CHs)^g 

CHa-CO-OH CH:CH 


which can be converted into isoprene by passing the vapour 
mixed with hydrogen over heated copper. It is stated that 
each kilo of starch will yield 112 grammes of caoutchouc. 
According to Ditmar^ the product obtained from a-methyl- 
thiophene is a-methylbutadiene and not isoprene. 


CH:C(CH3) 
CH:CH— ^ 


CHtCH-CHg 

CH.-CHa 

a-Methylbutadiene 


+ HaS, not 


CHg.CrCHa 

CH:Cfl2. 

Isoprene 


Polymerization of Butadiene and its Homologrues 

All the processes of synthesizing caoutchouc consist in 
polymerizing isoprene, butadiene, or similar compounds con- 
taining the grouping C:C*C:C. 

The polymerization can be effected in a variety of different 
ways, some of which have been kn6wn for many years, and 
others of quite recent date. The more important of these 
methods are: — 

1. Autopolymerization when kept in a sealed tube {Tilden, 
Chem. News, 1892, 65, 265; Weher^ J. S. C. L 1894, 13, 11; 
Harries, B. 1915, 48, 683). 

2. Under the influence of light {Wallach, AnTuden, 1887, 
238, 88). 

3. Bynraising the temperature to 100®-150® for three days 
{Heimmann, Eng. pat., 1907), or by working at temperatures 
under 260® {Hofmann and Coutelle, Ger. pat., 1909). At 100® 
dime thy Ibutadiene yields much rubber, but at 150° little 
rubber and much dimeride {Kondakoff, 1909). 
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4. Under the influence of chemical reagent/ 

(а) By means of concentrated hydrochloric acid, or a 
little gaseous hydrogen chloride {G, Bouchardaty Bull., 1875, 
24 , 108; C. R, 1879, 89 , 361, 1117; Tildeny J. C. S., 1888, 
46 , 411). 

(б) Acetic acid for eight days at 100° (HarrieSy 1910). This 
method is applicable to all butadiene derivatives. It has 
been suggested that the acetic acid acts as a solvent, and the 
polymerization is due to the increase in temperature. The 
yield is best when pure isoprene is used, and with a tempera- 
ture of 100° the product is quite white, is readily attacked by 
oxygen, and can be vulcanized. 

In polymerization by the acetic acid method other products 
are dipentene, an open chain terpene, probably di^soprene, 
CH 2 :C(CH 3 ).CH 2 -CH 2 .CH:C(CH 3 ).CH:CH^ and other di- 
merides. The amounts of these are less with pure isoprene, 
and tend to increase with the temperature used. The vul- 
canization also proceeds most readily with products obtained 
at the lower temperatures. The products obtained by heating, 
or, in the case of isoprene, by the acetic acid process, appear 
closely to resemble natural caoutchouc. That is, the structure 
of the complex appears to be the same in both. This 

has been establisned to a large extent as the result of 
Harries* experiments. There is a close similarity as regards 
percentage composition, products of destructive distillation, 
behaviour with bromine, nitrous acid and ozone, and decom- 
position products of the ozonides between purified para rubber 
and the synthetic products. The conclusion is drawn that 
both contain the grouping — 

CH3.C CHg-CHg-CH “I 
CH.CHg-CHa.C-CHsJ,,. 

A careful examination of the products of hydrolysis of the 
ozonide derived from the synthetic product shows that in 
addition to the norjpal products, Isevulic aldehyde and its 
peroxide, small amounts of other products are also formed, 
on# of which appears to be pyruvic aldehyde which indicates 
the presence of the caoutchoucs, e.g ,: — 

CHs-O .OH: OH. OH, #1 rOHa-O . OHrOH-OH.OH 
OH.OH,.OH,.CH.OHg Jn L ‘ OHa.OH,.CH, 

in the synthetic product. 
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The synthetic^roduct from dimethylbutadierie also appears 
to yield two isomeric ozonides; on hydrolysis one gives 
acetony lace tone and the other strongly reducing keto-alde- 
hydes. Whether the value for n in the natural and synthetic 
caoutchoucs is identical it is impossible to say. Many chemists 
hold the view that in natural caoutchouc there may be several 
substances containing the normal octadiene ring but with 
different values of ti, and the same may hold good for the 
synthetic products. All attempts to separate, from a latex, 
rubber of different properties by a process of fractional coagu- 
lation have given negative results. 

The acetic acid method of polymerization is not so satis- 
factory as Hofmann and Coutelle^s heat method for isoprene, 
and wher applied to butadiene yields a caoutchouc which has 
none of the physical properties of ordinary rubber. 

(c) Metallic sodium, Matthews, 1910, Harries, 1910. Poly- 
merization occurs when isoprene, or one of its homologues, is 
kept in contact with about 5 per cent of metallic sodium in 
sealed vessels; with butadiene a few hours at 35°-40° is suffi- 
cient, but with isoprene 50-100 hours at 60® are necessary. 
The reaction is almost quantitative, no pressure is generated, 
and no dimerides are formed. The product is very tough, 
and is sometimes difficult to remove from the autoclaves. It 
is not identical with natural caoutchouc, and is usually 
termed sodium caoutchouc or abnormal caoutchouc. The 
product from isoprene closely resembles para rubber in physical 
properties ; it is very elastic, and vulcanizes well. It yields a 
solid diozonide soluble in ethyl acetate, and when this is 
hydrolysed with water or acetic acid only a minute trace of 
laevulic aldehyde is formed, the reaction of the synthetic 
product w’ith nitrous acid being also clifferent from that of the 
natural product. *' 

The presence of caoutchouc appears to accelerate the poly- 
merizing action of sodium on butadiene derivatives. The 
study of the rate of decomposition of the ozonides is of the 
best method for use in deciding betw een the identity of 
caoutchoucs prepared by different methods {Hanies, A., 1913, 
396 , 211, 264). Thus the decomposition curves for the pro- 
ducts fr<jm sodium caoutchouc obtained from isoprene and 
butadiene are quite different from tthe curves from natural or 
normal caoutchouc ozonides. The curves for the diozonides 
of normal butadiene caoutchouc and cyclo-octadiene show 
a marked similarity. 
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According to Osiromyslenski and Koschelevl(J. Russ., 1915, 
47, 1928) an open chain terpene, /5-myrcene, probably CHo! 
CH.C(CH 3 ):CH.CH„.CH 2 .C(CH 8 ):CH 2 , is formed when iso- 
prene is cautiously heated at 80°-90°, and this compound 
with sodium wire at 70®, or with metallic sodium and barium 
peroxide at 60®-70°, is quantitatively converted into normal 
caoutchouc, whereas the same reagents convert isoprene into 
an abnormal caoutchouc (cf. Steimmig^ B., 1914, 47, 350), 
probably a mixture containing not onlv 1 :5-dimethyl-A^'®- 
cyclo-octadiene, but also the l:6-dimethyl isomeride — 

[ CHg.GMeiCH.CHal 
CHa-CMecCH.CHaJn. 

From results of later investigations (J. Russ., 1916, 4*lB, 
1071) Ostromysleriski makes the following classification of 
isoprene caoutchoucs. 

a-Isoprene-amylene caoutchouc is obtained from isoprene con- 
taining amylene by the action of sodium and is identical with 
Matthews^ and Strange's and with Harries' sodium caoutchouc. 
The vulcanized product is not elastic, is of no value for indus- 
trial applications, and when added to natural caoutchouc 
lowers the value of the latter. Elementary analysis is in- 
sufficient to detect the presence of amylene. 

^-Isoprene-amylene caoutchouc is prepared in quantitative 
yield by the catalytic action of barium peroxide or benzoyl 
peroxide (p. 471) on the a compound in toluene solution. It 
forms a compact mass, and at 100® assumes all the elastic 
properties of natural caoutchouc. It oxidizes readily, and vul- 
canization converts it into a product which at 80°-90° exhibits 
all the properties of vulcanized natural caoutchouc. 

a-Isoprene caoutchouc is obtained by Iffeating pure isoprene 
with sodium at 60°-70° for 10-40 hours. It is a colourless 
non-gluey mass, transparent as glass; it swells with solvents, 
but is not soluble; above 110® it assumes elastic properties. 
It can be vulcanized/and used industrially for certain special 
purposes. 

^-Isoprene caoutchouc is prepared in quantitative yield by 
the action of sodium with barium (or benzoyl) pe^jpxide on 
pure isoprene at 60®-70°. #It has a pale cinnamon colour and is 
transparent in thin layers. Its elasticity point is about 80®-90®. 

y-Isoprene caoutchouc. A 40 per cent yield is obtained by 
the action of barium or benzoyl peroxide or an alkaline sul- 
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phide or polysulphide at 45®-50° for 2-4 months. It is a 
normal caoutchouc in the sense that its elasticity point and 
fatal temperature are almost identical with those of natural 
caoutchouc. 

5-Isoprene caoutchouc is the product obtained from /3-myr- 
cene (p. 871). 

€-lsoprene caoutchouc. A quantitive yield is obtained by 
gently heating isoprene with sodium in an atmosphere of 
carbon dioxide. Its properties are those of a normal caoutchouc. 

Recovered caoutchouc is always abnormal with a high 
elastic point (above 120°), and the process of recovery is ac- 
companied by rearrangement in the nucleus. 

Somewhat similar results have been obtained with butadiene. 
Erythrerfo under all conditions yields the same polymerization 
product. 

The conclusion is drawn that the isomerism of a, (3, y, 8 
isoprene caoutchoucs is conditioned by differences in the posi- 
tions of the methyl groups, and not by different values of n 
in the complex (CioHig)^. 

j8y-Dimethylbutadiene, CHo : C(CH 3 ) • C(CH 3 ) : CHo (p. 864), 
yields the so-called methyl-rubber by spontaneous polymerii^- 
tion at about 60° for 4-6 months, but the product has properties 
quite different from those of natural rubber.^ It oxidizes 
readily and does not vulcanize easily, but this is partially 
remedied by the addition of organic vulcanization catalysts, 
e.g, aldehyde ammonia. The methyl-rubber produces vulca- 
nites of good quality. 

D. Vulcanization 

The production of rubber from caoutchouc or raw rubber is 
brought about by the process known as vulcanization or 
curing after the raw rubber has been thoroughly washed and 
rolled. Technical vulcanization is . always effected by the 
action of sulphur or sulphur chloride, and the object is to 
improve the mechanical properties of the product so that it 
may be more serviceable for various purposes. 

Cold vulcanization {Parkes, 1846) consists in dipping thin 
sheets of raw rubber into a solution of chloride of sulphur, 
SgCIg, in a suitable solvent, or in e'xposing the sheets to the 
vapour of such a solution. The reaction is definitely chemical, 
and if an excess of a benzene solution of sulphur chloride is 
used a definite substance, (CioH^ 6 ) 2 S 2 Cl 2 , is formed {Hinrichsen 
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and KindscheVy J. S. C. L 1916, 36 , 934). In actual practice a 
relatively small amount of the chloride is taken up. 

Hot vulcanization (GoodyeaTy 1839) is effected by mixing 
the raw rubber with sulphur, and subjecting the mixture to a 
temperature of 135°-160®. Various sulphur compounds or 
products containing free sulphur have also been recommended. 
The properties of the rubber depend on the degree of vulcaniza- 
tion (state of cure). The elasticity diminishes, but the tensile 
properties increase up to a certain stage, after which increased 
vulcanization (i.e. longer time or higher temperature) produces 
a brittle rubber which is useless. 

A recent method of vulcanization introduced by Peachei 
(E. P. 129826, of 1919) consists in subjecting the raw rutbei 
in the cold, and either in thin sheets or in solution, to t^c 
combined action of hydrogen sulphide and sulphur dioxide, 
the liberated sulphur combining with the rubber (J. S. C. I. 
1921, 40 , 5T.). 

Various theories have been held with regard to the nature 
of vulcanization. According to WebeVy the process is chemical 
and of an additive character, whereas Wo, Ostwald (1910) 
regards the process as purely adsorptive. The modern view 
is that a certain amount of an additive compound is first 
formed and that this is then adsorbed into the remainder of 


the rubber; this view is supported by OstromyslensMs experi- 
ments, which indicate that the vulcanization of raw rubber can 
be accomplished by adding a small amount of caoutchouc 
hydrochloride or tetrabromide and subsequently heating. The 
small amount of additive compound* after, or during, adsorp- 
tion, produces physical changes in the remainder of the raw 
rubber, changes which may be accompanied by polymerization. 

In practice a mixture containing 5 parts by weight of sulphur 
and 95 parts of raw rubber is usually taken and vulcanized 
for a series of gradually increasing periods at a constant tem- 
perature {e,g, steam undergo lb. pressure); or in the Netherlands 
Government Institute 7-5 and 92-5 per cent respectively for 
1*5 hours, with steajfn at 52 lb. pressure. The mechanical 
pr^erties of the samples are determined, and the period of 
vul^nization necessary to produce optimum mechanical pro- 
perties ascertained from the results of the tests. # 

The coefficient of vulcanization = combined syur x 100 


According to Bary (OioHi8)2o9s (C. R. 1912, 164, 1159). 
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the combined sVlphur being denoted by the sulphur which 
cannot be extracted by acetone. According to Spence^ at 
optimum cure this value is about 2*8-3, but other authori- 
ties give the value 4-6 for rubbers which have the greatest 
tensile strength. 

Eubbers containing less than 3 per cent of combined 
sulphur when kept for 66 hours at 70° often show as high 
a tensile strength as those obtained by direct cure and con- 
taining 5 per cent. This is attributed to ageing, and the 
conclusion is drawn that the process of curing should vary 
according to the purpose for which the rubber is required. 
Accprding to Stevens (J. S. C. I. 1916, 36, 872; 1918, 37, 
340 T.; cf. Eaton and Day, ibid. 1919, 38, 339 T.), if the 
cctefficierft exceeds 3*5, appreciable deterioration (as indicated 
by tensile figures) sets in within twelve months, but no 
appreciable deterioration is shown in samples with a coefficient 
of 3 • 2, so that the period elapsing between vulcanization and 
testing should be constant, and the temperature during this 
period fairly constant. 

The removal of protein matter from the raw rubber causes 
the caoutchouc to vulcanize more slowly. This is the main 
cause in the difference in rates of vulcanization between para 
rubber and plantation rubber ; in the latter case the coagulum 
is thoroughly washed to remove acetic acid, and this removes 
most of the protein matter present. According to Eaton and 
Grantham (J. S. C. I. 1916, 34, 989; 1916, 36, 715) a rapidly 
curing rubber of good mechanical properties is obtained if the 
slabs of coagulum are allowed to stand for six to ten days 
before further treatment. The cause of this is probably the 
decomposition of the protein mattjjBr by enzymes, and the 
production of basic nitrogenous products which are not entirely 
removed by washing or by heating in a dryer. Such caout- 
choucs vulcanize in approximately one-third of the time usually 
necessary for vulcanization. ♦ 

For Kinetics of Vulcanization, cf. J. S. C. I. 1918, 37, 
476 A., 696 A.; Com. Netherlands 6o\^i Inst. 1918, 6 , 799; 
1918, 7, 223. 

It is highly probable that synthetic rubber would require the 
addition^'of some such accelerator before being vulcanized. 
(Compare (ktromyslensU, J. S. C. f. 1916, 36, 58.) Various 
substances are used as accelerators; of these magnesia, 
litharge, and lime are the commonest; recently the use of 
organic bases such as piperidine, diamines, aldehyde am- 
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monia, and various other bases, particularly those with 
dissociation constants greater than 1 x 10”® have been 
recommended. If the bases are too volatile their correspond- 
ing carbamides, carbamates, or carbonates can be used. A 
solution of potassium hydroxide in glycerol is also a rapid 
accelerator, but it has been stated that alkalis are injurious, 
and tend to promote perishing of the rubber, although this has 
been denied by other chemists. 

Ostromyslenski (J. Russ. 1915, 47, 1462) has recommended 
s-trinitro-benzene as a vulcanizer, especially in the presence 
of litharge. Benzoyl peroxide (p. 471) has also been suggested 
(J. S. C. I. 1916, 36, 59; cf. also Colloid ZeUsch. 1918, 23,^25)f 
The same author also vulcanizes with similar reagents in the 
cold, using a metallic oxide or an amine as accelerator. ^ 

The substance known as vulcanite (cf. p. 872) or ebonite is 
manufactured by heating raw rubber with larger quantities of 
sulphur (65:35) for a longer time at higher temperatures. 
The physical properties characteristic of the rubber are thus 
completely changed, and a brittle product, probably consisting 
of compounds (CgHgS),^, is formed. 

Many rubber goods do not consist simply of vulcanized 
caoutchouc, but contain fillers. These are added partly to 
i-educe the cost of the rubber and partly to modify its 
properties for particular purposes ; thus mineral matter, 
such as zinc oxide or magnesia is usually added when the 
rubber is required for mechanical purposes involving abrasion 
and compression ; on the other hand, if a colourless eraser is 
required, a large amount of “white rubber substitute” is 
added. This substitute is prepared by the action of sulphur 
monochloride on rape ojl. Various materials are also used 
as pigments. Antimony sulphide is the commonest, and 
others are yellow sulphide of arsenic, oxide of chromium, 
zinc chromate, ultramarine, and lamp black. Glue is also 
used as a filler. , 

Reclaimed rubber and bitumen are also used for mixing 
with the rubber. ^The reclaimed rubber is obtained by 
reducing old rubber or waste rubber to a fine state of division, 
treating with acid or alkali, washing with water, and subse- 
quently steaming under pressure in order to render it plastic. 
Reclaimed rubber, like /irulcanized rubber, is insoluble in 
solvents which dissolve raw rubber; the process of reclaiming 
does not remove the combined sulphur and frequently only a 
portion of the fillers present in the waste. 
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E. The Cyclo-octane Series 


The bicyclic ketone pseudopellitierine (p. 859) can be 
reduced to the corresponding CHg compound, N-methyl- 
granatanine, by means of zinc dust and dilute sulphuric acid, 
or by electrolytic reduction in dilute acid solution. The 
methiodide of N-methylgranatanine with moist silver oxide 
yields the corresponding quaternary hydroxide, and when 
this is distilled water is eliminated, the bridge is broken, and 

A. .1 .1. .V 1 . . nrr yCHo.CH(NMe2).CH2 . 

A^-desdimethylgranatanine, CHiZ ^ , is 

« ^CHo'CHiCH — CH2 

obtained as a colourless oil. When this oase is converted into 


its methiodide, and then into the corresponding hydroxide 
and distilled trimethylamine, water and A^'^cyclo-ootadiene, 

are formed. The unsaturated com- 
pound is a volatile liquid, boiling at 39*5'' under 16 mm. 
pressure, and polymerizes readily, yielding crystalline hydro- 
carbons. The A^*® structure is ascribed to the hydrocarbon 
on account of the fact that its ozonide, when decomposed by 
water, yields succinaldehyde, CHO-CHg-CHg-CHO, and 
succinic acid {Harries, B. 1908, 41, 671). A more stable 
isomeride is obtained by heating the dihydrobromide of the 
A^*® derivative with quinoline or solid potash. This is a 
colourless liquid, boiling at 143°-144°, and when reduced by 
Sabatier and Senderens* method (p. 655) yields the saturated 
compound cyclo-octane, a colourless liquid with an 

odour like camphor, boiling at 147°-148'' under 709 mm., 
and melting at 14®, The presence of an eight-membered 
ring in the compound is confirmed by its oxidation with 
nitric acid, when a good yield of suberic acid (p. 239) is 
obtained. A cyclo-octene, CgHj^, boiling at 145° and readily 
polymerizing, and a cyclo-octatnene, C^jq, are also known. 
The latter distils at 36°-40° under l3 mm. pressure, and can 
be prepared by the following series of rer.ctions; 


Octadiene — ► CgHijBro — > CgHi 2 (NMe 2)3 
Brs KHMeg two isomen 


one of these 




One of the most interesting derivatives is cyclo-octatetrene, 
CgHg, CH<Qg;^g;^g>CH. A oyclo-octatriene is obtained 
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from N-methylgranatenine in exactly theysame manner as 
cyclo-octadiene from N-methylgranataninef and this, when 
subjected to the same series of reactions as described above in 
the conversion of the cyclo-octadiene into a cyclo-octatiiene, 
yields the monocyclic ring compound, CgHg, provided the 
distillation of the quaternary ammonium hydroxide is con- 
ducted under a very low pressure at 30°-46° otherwise com- 
pounds are obtained containing one or even two bridges. It is 
a yellow liquid with a sweet odour, boils at 42*2° under 17 mm. 
pressure, has melting-point — 27°, and has all the characteristic 
reactions of olefine compounds. It readily reduces perman- 
ganate, absorbs bromine, combines with hydrogen bromide, ie 
readily reduced to cyclo-octane by means of hydrogerf and 
platinum black, and cannot be nitrated or sulphonated. The 
structure of the molecule is similar to that of benzene, accord- 
ing to Kekuld (p. 355), as both consist of a ring of CH groups 
alternately united by single and double linkings. The 
complete difference in properties of the two compounds has 
led fFillsidtter to reject the KekuU formula for benzene and 
to accept the Centric formula. 

Compare B. 1905. 38 , 1975; 1907, 40 , 957; 1908, 41 , 1480; 
1910, 43 , 1176; 1911, 44 , 3423; 1913, 46 , 617. 
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a — ana-position, 579. 
ac = alicyclic, 528. 
ar = aromatic, 528. 

Abietic acid, 630. 

Absorption bands of vapours, 708. 
Absorption of mtro-compounds, 708. 
Absorption spectra, 702. 

Accelerators in vulcanization, 875. 
Acceptor, 675. 

Acenaphthene, 532. 

Acenaphtylene, 532. 

Acetal, 135. 

Acetaldehyde, 134, 782. 
Acetaldehyde-semicarbazone, 142. 
Acetaldoxime, 143. 

Acetals, 131. 

Acetamide, 192. 

Acetamidine, 19^. 

Acetamido-chlonde, 192. 

Acetanilide, 406, 809. 

Acetates, 1^7. 

Acetchloroiinide, 193. 

Acet-hydrazide, 192. 

Acetic acid, 18, 146, 155. 

Acetic anhydride, 188. 

Acetic fermentation, 1 56. 
Acetimido-chloride, 193. 
Acetimido-thio-methyl, 194. 

Acetin blues, 8^1. 

Aceto-acetaniliae, 577. 

Aceto-acetic acid, 231, 234* 
Aceto-acetic ester, 234. 

Aceto-acetic ester syntheses, 236, 
Aceto-bromamide, 190, 
Aceto-chloroimide, 193. 

Aceto-malomc ester, 237. 

Aceto-nitrUe, 105. 

Aceto-phenetidine, 440. 
Aceto-phenone, 452, 807. 
Aceto-phenone-acetone, 452. 
Aceto-phenone oxime. 452. 
Aceto-phenone phenyl-hydrazone, 452. 
Aceto-succinic ester, 237. 
Aceto-tartaric acid, 262. 

Acetoluidide, 395, 406. 

Acetone, 142. 

Acetone, isoprene from, 864. 
Acetone-dicarboxylic acid, 270. 
Acetone-dioxalic acid, 563. 

Acetone peroxide, 188. 
Acetone-phenyl-hydrazone, 141. 
Acetone-semicarbazone, 142. 
Acetonyl-acetone, 229. 

Acetoxime, 143. 

Acetoxyl, 186. 


Aceturic acid, 220. 

Acetyl, 153. 

Acetyl-acetone, 229, ^ 7 ^; 
Acetyl-acetone, constitution of, 698, 702 
711. 

Acetyl-aminophcnol, 484. 

Acetyl chloride, 186. 

Acetyl cyanide, 186, 231. 
Acetyl-diphenylamine, 401 
Acetyl-gly cocoll, 220. 

Acetyl-glycollic acid, 217* 

Acetyl hydride, 134. 

Acetyl oxide, 187. 

Acetyl peroxide, 188. 
Acetyl-phenyl-acetonitrile, 573. 
Acetyl-phenyl-hydrazide, 423* 
Acetyl-salicyhc acid, 80 1. 
Acetyl-thiophene, 550. 

Acetyl-urea, 295. 

Acetylene, SS, 365, 78 i. 
Acetylene-dicarboxylic acid, 250. 
Acetylene series, 52. 

Acetylene tetrachloride, 782. 
Achroo-dcxtrine, 339. 

Acid amides, 189. 

Acid anhydrides, 151, 187. 

Acid anthracene red, 826. 

Acid azides, 192. 

Acid bromides, 187. 

Acid chlorides, 184. 

Acid derivatives, 177. 

Acid esters, 94, 10 1. 

Acid green, 512. 

Acid hydrazides, 192* 

Acid hydrolysis, 23S1 466. 

Acid salts, 150. 

Acid violet,* 517. 

Acids, aromatic, 460. 

Acids, constitution of, 15 1. 

Acids, fatty, 146. 

Aci-nitro compounds, 70S. 

Aconitic acid, 271. 

Acridine, 581. 

Acndine dyes, 832. 

Acridine yellow, 832. 

Acridinic acid, 581. 

Acridonium iodides, 582. 

Acrolein, 136. 

Acrolein-ammonia, 136. 
Acrolein-aniline, 576. 
a-Acrosazone, 325. 
a-Acrose, 325. 
a-Acrosone, 325. 

Acrylic acid, 167, 170. 

Active valeric acid, 160. 
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lyl aceto-acetate, 


Acyl derivativea 
* 37 - 

Acyl oxides, 187. 

Acyl ureas, 295 et seq, 

Acyls, 153. 

Additive compounds of aldehydes, 130- 


Additive compounds of benzene hydro* 
carbons, 378. 

Additive reactions of ace^lenes, 53. 
Additive reactions of nitnles, 104. 
Additive reactions of olefines, 46. 
Adenase, 740. 

Adenine, 303, 643. 

Adipic acid, 239. 

Adipocelluloses, 336. 

Adrenaline, 810. 

Adrenahne ethers, 811. 

< \dsorption, 742. 

ASscujetin, 633. 

^sculin, 633. 

Airol, 486, 800. 

Alrnine. 210, 223, 639, 723, 725. 
Alanylglycyl-glycine, 640. 

Albumins, 637, 642. 

Albumins, hydrolysis of, 638. 

Albumins, oxidation of, 638 
Albumoses, 641. 

Alcohol, 78. 

Alcohol, constitution of, I7* 

Alcohol of crystallization, 82. 

Alcoholic fermentation, 79, 314, 734. 
Alcohols, aliphatic, 68. 

Alcohols, aromatic, 446. 

Alcoholysis, 183. 

Aldehyde, 

Aldehyde acids, 212, 230. 
Aldehyde-ammonia, 131. 

Aldehyde ** condensations **, 132. 
Aldehyde-phenyl-hydrazone, 133. 
Aldehyde resin, 132. 

Aldehydes, aliphatic, 128 et seq. 
Aldehydes, aromatic, 448. 

Aldehydes, the fuchsine test for, 133. 
Aldehydic acids, 230. 
Aldehydo-phenyl-glycine, 551. 
Aldohexoses, 318. 

Aldoketens, 779. 

Aldol, 137, 228. 

Aldol condensations 137, 589. 
Aldoses, 310. 

Aldoximes of the fatty series, 133, 143. 
Algol blue, 848. 

Ahphatic compounds, 24, 341. 

Alizarin, 537. 843. 

Alizarin black, 844. 

Ahzarin bordeaux, 844. 

Alizarin carmine, 844. 

Ahzarm greens, 842. 

Alizarin yellows, 823, 843. 

Alkaloids, 586 et sea. 

Alkaloids from dead bodies, 203, 641. 
Alkarsin, 120. 

Alkyl, 22, 388. 

Alkyl cyanides, 104. 

Alkyl hydrogen sulphates, loi. 

Alkyl hydrosulphides, 91. 
Alkyl-hydroxylamines, 115. 
Alkyl-malonic acids, 245. 

Alkyl nitrites, 97* 


Alkyl oxides, 86. 

Alkyl salt, 77, 15 1. 

Alkyl sulphates, loi. 

Alkyl sulphides, 91. 

Alkyl sulphites, 102. 

Alkyl-sulphonic acids, 92, 102. 
Alkylated sugars, 314. 

Alkylated ureas, 295. 

Alkylenes, 22, 44, 196. 

Allantoln, 299. 

Allene, 56. 

Allene derivatives, 679. 

Allo-cinnamic acid, 480. 

Allomucic acid, 318. 

Allomc acid, 318. 

Allophamc acid, 295. 

Allose, 318. 

Alloxan^ 298. 

Alloxanic acid, 299. 

Alloxantin, 299. 

Allyl alcohol, 85. 

Allyl bromide, 59, 68. 

Allyl chloride, 59, 68. 

Allyl ether, 90. 

Allyl iodide, 59, 68. 

Allyl ** mustard oil '* = allyl isothio- 
cyanate, 286, 633. 

Allyl-pyridine, 568, 590. 

Allyl sulphide, 94. 

Allyl thiocyanate, 285. 

AUylene, 56. 

Alphyl, 22, 390. 

Alphyl-arylamines, 401, 

Alphyl nitrites, 818. 

Alphyl oxides, 86. 

Alternating axis of symmetry, 678. 
Altronic acid, 318. 

Altrose, 318. 

Aluminium amalgam as a reducing 
agent, 654. 

Aluminium chloride, action of; see 
Fnedel-Crafts' synthesis, 754. 
Aluminium methyl, 124. 

Alypine, 817. 

Amalie acid, 299. 

Amber, 631. 

Amides of carbonic acid, 290. 

Amides of malic acid, 257* 

Amides of the fatty acids, 189. 
Amidmes, 194. 

Amido, 189; see also Amino-group. 
Amido-chlorides, 192. 

Amidol, 440. 

Amidoximes. 195. 

Amines, aliphatic, 107, 752. 

Aminbs, aromatic. 390. 

Amino-acetic acid, 210. 

Amino-acids, 219, 726. 

Amino-acids in alcoholic fermentation, 

a-.^iino-acylamino-acids, 727. 1 

Amino-azo-benzene, ^21, 425* 
Amino-azo-compounds, 417, 425. 
Amino-azo-naphthalene, 528. 
Amfno-barbituric acid, 298. 
Amino-benzaldehydes, 45 1 . 
Amino-benzene, 396. 
Amino-benzene-sulphonic acids, 430. 
Amino-benzoic acids^ 475, 477. 
Amino-benzoyl-formic acid, 489, 553. 
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Amino-butyric acids, 724. 
Ammo-caproic acid — Leucine^ 224, 639. 
Ammo-cinnamic acids, 482. 
Amino-dnnamic aldehyde, 577. 
Ammo-denvatives, aromatic, 390. 
Amino-dimethyl-aniline, 402. 
Ammo-ethane acid, 219. 
Amino-ethyl-sulphonic acid, 204. 
Amino-glutaric acid, 258, 639. 
Amino-group, 107, 189. 
Amino-^anidine, 307. 
Amino-hexamethylene, 397. 
a-Amino-^-hydroxy-propionic acid, 226, 
639. 

Ammo-hypoxanthine, 303. 
Amino-isobutyl-acctic acid, 639. 
Amino-mandelic acid lactam, 552, 555. 
Amino-mesitylene, 391. 
Amino-naphthalenes, 527. 
Amino-naphthols, 530. 
Amino-naphthol-sulphonic acid, 
Amino-oxypurine, 303. 
Amino-phenacetin, 809. 
Amino-phenazines, 585. 

Amino-phenola, 440. 
Amino-phenyl-acetic acids, 478, 552. 
p-Amino-phenyl-arsinic acid, 791. 
Amino-phenyl-^lyoi^lic acid, 489, 553. 
Amino-propionic acid = Alamne, 639. 
Amino-punne == Adenine, 303. 
Ammo-pyridine, 568, 591. 
Amino-succinic acid, 258, 639. 
Amino-sugars, 639. 

Amino-thiazole, 560. 

Amino-thio-lactic acid = Cysteln, 639. 
Amino-thiophene, 549. 

Amino- tnmethyl-benzenes, 391, 
Amino-triphenyl-methane, 5 1 1 . 
Ammelide, 293. 

Ammonium acetate, 1 57. 

Ammonium cyanate, 282. 

Ammonium fem-thiocyanate, 285, 
Ammonium formate, 154. 

Ammomum thiocyanate, 284, 
Amphoteric, 477. 

Amygdalase, 032. 

Amygdahn, 276, 448, 632. 

Amyl acetate, 184. 

Amyl alcohols, 70, 83, 669. 

Amyl nitrite, 97. 

Amylase, 738. 

Amylene glycols, 200. 

Amylenes, 43, 52. 

Amylo-dextnne, 339. 

Amyloid, 333. 

Amylum, 338. 

Amythyst violet, 837, 

Ansesthesine, 817. 

Anaesthetics, 805. 

Andysis, elementary, 4, 

Anflysis, qualitative, 2. 

Analysis, 9uantitative, 4. 

Ana-position, the, 579. 

Angelic acid, 167, 171. 

Anhydrides of the fatty acids, 187. 

Anilic acids, 406. 

Anilide of p-toluic acid, 454. 

Anilides, 394» 405- 
Aniline, 391, 396. 

Aniline, oxidation of, 664. 


Aniline black. Six, 

Aniline blue, 5(7. 

Aniline dyes as intisratics, 803. 
Aniline-sulphonic acids, 430. 

Aniline yellow, 426. 

Anilino-quinones, 458. 

Animal starch, 339. 

Anisaldehyde, 454. 

Anisic acid, 468, 485* 

Anisidmes, 440. 

Anisole, 432, 437. 

Anisyl ucohol, 454. 

Anomalous electric absorption, 715. 
Anthocyanins, 634. 

Anthracene, 499, 532. 

Anthracene brown, 538. 

Anthracene browns and blues, 844. 
Anthracene oil, 364, 533. 

Anthraflavine G, 847. 

Anthradavinic acid, 538. 

Anthragallol, 538. 

Anthranil, 478. 

Anthranilic acid, 478. 

Anthranol, 536. 

Anthrapurpurin, 844. 

Anthraquinone, 505, 526. 
Anthraquinone green, 844. 
Anthraquinone-sul phonic acids, 536. 
^-Anthraquinone-sulphonic chloride, 

Amfirarobin, 538. 

Anthrarufine, 588. 

Anthrols, 536. 

Anti-albumoses, 641. 

^nri-aldoximes, 145, 453. 

Anti^diazo compounds, 4x5. 
Anti-febrine, 406, 809. 

Antimony pentamethyl, I2X. 
Antipyretics, 808. 

Antipyrine, 559, 808. 

Antiseptics, 800. 

Aposairanines, 835, 838. 

Arabinose, 228, 315, 317, 319. 
Arabinose-amylmercaptal, 324. 

Arabitol, 210. 

Arabonic acid, 227. 

Arachidic acid, 146, 163. 

Arbutin, 633. 

Arecaine, 500. 

Areca nut alkaloids, 590. 

Arecoline, j/90. 

Aiginase, 740. 

Arpimne, 639, 645. 

Anstol, 803. 

Ansto-quinine, 593. 

Armstrong's centric formula for ben- 
zene, 356. 

Aromatic acids, 460 et seq. 

Aromatic compounds, 341. 

Aromatic nitriles, 463. 

Aromatic properties, 349. 

Arsacetin, 793. 

Arsanilic acid, 791. j 

Arsenic compounds, 119, 789. 
Arsenobenzenes, 793. 

Arsenobillon, 795. 

Arsines, 119. 

Arsonium compounds, 1x9 
Artificial silk, 335. 

Aryl, 388. 
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Arylamines, 390. 

Arylarsinic acids, 790. 

Aseptol, 441 . 

Asparagine, 257. 

Aspartic acid, 257, 596. 

Asphalt, 42. 

Aspirin, foi, 810. 

Asymmetric carbon atoms, 160, 222, 
259> 319* 488> ^76. 

Asymmetric syndiesis, 721. 

Atomic refractions, 697, 780. 

Atomic volumes, 694. 

Atoxyl, 792. 

Atropic acid, 468, 482. 

Atropine, 599. 

Auramines. 830. 

Aurichlorides, no, 390, 392. 

Aunne, 518. 

Australene. 617. 

Autocoagmation of rubber latex, 853. 
Autoxidation. 675. 

Au^ochromd,, 756. 

Azeiaic acid, 171, 858. 

Azelaone, 858. 

Azimino'compounds, 465. 

Azo>benzene, 418, 421. 

Azo-carmines, 839. 

Azo-chromine, 823. 

Azo-compounds, aromatic, 421* 
Azo-dyes, 4131 424i S21 et seq. 

Azo-dyes of the naphthalene aeries, 530. 
Azo-naphthalene. 529. 

Azo-phenyl-ethyl, 421. 

Azo-phenylene, 585, 

Azo-phosphine, 823« 

Azoxy-benzene, 418, 419. 
Azoxy-compounds, 418. 

Bacillus butylicus^ 158. 

Baeyer's tension theory, 343. 

Balsam of Peru and Tolu, 031. 
Bamberger*s naphthalene formula, 524. 
Barbituric acid, 298. 

Basle blues, 838. 

Beckmann molecular transformation, the, 
„ 143. 145, 454. S07. 

Beer, 81. 

Behenic acid, 146, 163. 

Benzal chloride, 382. 

Benzaldazine, 451. 

Benzaldehyde, 448, 632. 
Benzaldehyde-cyanhydrin, 449. 
Benzaldehyde-phenyl-hydrazone, 449, 
451- 

Benzaldoximes, 449, 451. 

Benzamide, 471. 

Benzamino-acetic acid, 472. 

Benzanilide. 471. 

Benz-ontt-aldoxime, 454. 

Benzazide, 472. 

Benzazurine, 502. 

Benzene, 365, 369, 374. 

Benzene, constitution of, 353. 

Benzene, formation, 365, 374. 
Benzene-azo-benzene, 420. 
Benzene-azo-naphthylamine, 530. 
Benzene-carboxylic acid = Benzoic add^ 

Benzene (Serivatives, 348. 

BeHLene derivatives, formation, 365. 368. 


Benzene derivatives, isomerism, 353 ei 
seq. 

Benzene derivatives, occurrence, 361. 
Benzene-diazoic add, 412. 
Benzene-diazoimide, 413. 
Benzene-diazonium perbromide, 413. 
Benzene-dicarboxyhc acids, 492. 
Benzene-disulphonic acids, 431. 

Benzene disulphoxide, 438. 

Benzene formuhe, 355 et seq. 

Benzene hexabronude, 378. 
Benzene-hexacarboxylic add, 498. 
Benzene hexachloride, 378. 

Benzene hydrocarbons, 368 et seq. 
Benzene hydrocarbons, constitution of, 
371- 

Benzene hydrocarbons, oxidation of, 372. 
Benzene hydrocarbons, reduction of, 372. 
Benzene-methylal, 448. 
Benzene-methylol, 446. 

Benzene nucleus, 349- 
Benzene of ciyst^zation, 509. 
Benzcne-sulphinic acid, 430. 
Benzene-sulphonamide. 429. 
Benzene-sulphomc acid, 428. 
Benzene-sulphonic chloride, 429. 
Benzene-tetracarboxyhc acids, 498. 
Benzene-tricarboxylic acids, 498. 
Benzene-trisulphonic adds, 431. 
Benzhydrazide, 472. 

Benzhydrol, 502, 504. 

Benzidam, 396. 

Benzidine, 419. 500, 501. 
Benzidine-sulphonic acids, 591. 

Benzil, 507, 763. 

Benzil-oximes, 507. 

Benzilic acid. 504, 508. 

Benzimmazoles, 404. 

Benzine, ^2. 

Benzoflavine, 833. 

Benzo grey S extra, 826. 

Benzoic acid, 468, 469. 

Benzoic anhydride, 471. 

Benzoic esters, 470. 

Benzoin, 450, 507. 

Benzoline, 42. 

Benzo-nitrile, 472. 

Benzo-peroxide, 471, 

Benzr-phenone, 433, 502. 
Benzophenone-carboxylic add, 504. 
Benzo-purpurine B, 826. 

Benzoquinones, 456, 458. 

Benzosalin, 802. 

Benzo-thiophene, 550, 551, 
Benzc^^-toluidide, 454. 
Benzo-trichlonde, 382. 

Benzoyl-acetic acid, 489. 
Benzoyl-acntone, 452. 

Benzoyl-azimide, 472. 

Benzoyl-benzoic acids, 504. 

Benzoyl chloride, 

Benzoyl cyanide, 489. 

Benzoyl-ecgonine methyl ester, 600. 
Benzoyl-formic acid, 452, 489. 
Ber:;oyl-glycocoll = Hii^unc acid^ 472. 
Benzoyl-hydrazine, 472. 

Benzoyl peroxide, 471. 

Benzoyl peroxide as vulcanizer, 875. 
Benzoyl-salicin, 633. 
Benz-phenyl-y-pyrone, 572. 
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Benz-^n-aldoxime, 454. 
Benz-tmonaphthene, 551. 
Benz-p-toluidide, 454. 
Benzyl-aceto-acetic eater, 466. 
Benzyl-alcohol, 446, ^7. 
Benzyl-benzene = Diphenyl-methane, 502. 
Benzyl benzoate, 471. 

Benzyl chloride, 382. 

Benzyl cyanide, 478. 

Benzylamine, 391, 407. 
Benzylideneacetone, 453. 
Benzylidene-aceto-phenone, 453. 
Benzylidene-aniline, 395, 450. 
Benzylideneazine, 45 1 . 

Benzylidene chlonde, 382. 
Benzylphenylallylmethyl-ammonium d- 
camphor-sulphonate, 684. 
Benzyltetramethyl-ammonium, 789. 
Berberine, 596. 

Betaine, 220. 

Betol, 802. 

Biebnch scarlet, 427. 

Bihneunne, 203. 

Bindschedler’s green, 833. 

Birotation, 320. 

Bia-azo-dyes, 427. 

Bis-diazo-acetic acid, 783. 

Bismarck brown, 426, 826. 

Bis (methyl-hydrazine-phenyl) methane, 

423* 

Bismuth compounds, 122. 

Bitter almond oil, 448. 

Bitter-almond-oil green, 512. 

Biuret, 300. 

Blomstrand formula, 409. 

Blood colouring matter, 643. 
Boiling-point, 26, 689. 

Bonds, change in; see Desimtropism, 
„ 235. 706, 707. 

Bone 01), 547. 56s, 568. 

Borneo camphor, 624. 

Bomcol, 624. 

Bomyl chloride, 620, 625. 

Bomyl iodide, 625. 

Bomylene, 619. 

Boron compounds, 122. 

Brassidic acid, 172. 

Brilliant alizarin blue, 843. 

Brilliant crocein, 824. 

Brilliant green, 512, 804. 

Bromalbin, 807. 

Brom-anilines, 396. 
Brom-anthraqumones, 537. 

Bromacetic acid, 173. 

Bromehnj 740. 

Bromination, 58, 59, 175, 380, 
Bromination of ketones and aldehydes, 

713- 

Bromine as an oxidizing agent, 672. 
Bromine as a reagent for estimating 
eflols, 710. 

Bromo-benzene, 378, 

Bromo-benzoic acids, 475. 

Bromo-benzyl bromide, 533. 
Bromo-butadiene, 861. 

Bromo-camphor, 624. 

Bromo-cinnamic acids, 481. 
Bromo-ethyl-benzene, 377. 
Rromo-ethylene, 68. 
Bromo-methyl-camphor, 707. 


Bromo-naphthajme, 526. 
Bromo-mtro-bnbenes, 386. 
Bromo-nitro-cafnphors, 717. 
Bromo-phenols, 438. 

Bromo-phenyl hydrazine, 423. 
Bromo-phenyl-mtromethane, 730. 
Bromo-propionic acids, 173, 723, 725. 
Bromo-propyl-aldehyde, 136. 
Bromo-styrenes, 382. 

Bromo-succinic acids. 249. 
Bromo-terpane-one, 629. 

Bromoform, S9, 66. 

Bromovalol. 807. 

Bromurul, 807. 

Brueme, 599. 

Butadiene, 603, 861, 866. 

Butadiine, 56. 

Butane acid, 158. 

Butane di-acid, 246. 

Butane-diamine, 202. 

Butane-diol di-acid, 258. 
Butane-dione, 229. 

Butane-tetrol, 210. 

Butanes, 30, 38. 

Butanol, 76. 

Butanol ai-acid, 256. 

Butanolid, 225. 

Butanone, 143. 

Butanone acid, 231. 

Butanone di-acid, 269. 

2-Butene- 1 -acid, 170, 
i-Butene-4-acid, 17 1. 

Butene di-acids, 250. 

Butenes = Butylenes, 45, 51. 

Butine di-acid, 256. 

Butyl-acridine, 582. 

Butyl alcohols, 70, 83, 866. 

Butyl bromides, 59, 63. 

Butyl chlorides, 59, 63. 

Butyl iodides, 59, 63. 

Butylamines, 113. 

Butylene glycols, 200. 

Butylene oxide forms of sugars. 743. 
n-Butyric acid, 146, 158. 

Butyric fermentation, 158. 
Butyro-lactone, 225, 248. 
Butyro-mtnle, 105. 

Butyryl, 153. 

Cacodyl, 120, izi. 

Cacodyl chldrides, 120. 

Cacodyl compounds, 120. 

Cacodyl oxide. 120, 121. 

Cacodylic acid, 121. 

Cadaverine, 203, 641. 

Cadet* s lic^uid, 120. 

Caffeic acid, 491. 

Caffeine, 303, 813. 

Cage systems^ 788. 

Calcium carbide, 55* 

Calcium cyanamide, 287. 

Calcium glucosate, 312. 

Camphane, 6x9. 

Camphanic acid, 624. 

Camphene, 6x9. 

Camphenic acid, 620. 

Camphenilone, 619. 

Campholene cyanide, 621. 
Campholenic acid, 621. 

Camphor, 6x9. 621. 
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Camphor, artificial, 6il 
Camphor, synthesis of, \ 123. 
Camphor-oxime, 621. 

Camphoramic acid, 624* 

Camphoric acid, 619, 621, 622, 624. 
Camphoronic acid, 621, 622. 
Camphylamine, 622. 

Cane sugar, 320, 745* 

Caoutchouc, 855. 

Caoutchouc, constitution of, 857. 
Caoutchouc derivatives, 856. 
Caoutchouc ozonide, 857. 

Capillarity constants, 73 1 . 

Capri blue, 842. 

Capric acid, 163. 

Capnlic acid, 163. 

Caproic acid, 146, 163. 
fCaramel, 329. 

Carbi^mlc acid, 290, 291. 

Carbamic chloride, 291. 

Carbamic compounds, 291. 

Carbamic enters, 291. 

Carbamide, 290, 291 , 638. 

Carbanilide, 407. 

Carbazole, 501. 

Carbazol ydlow, 826. 

Carbinol, 76. 

Carbinolamine, 589. 
Carbocinchomeronic acid, 593. 
Carbocyclic compounds, 342. 
Carbohydrates, 308 et seq. 

Carbolic acid, ^36. 

Carbon, detection of, 2. 

Carbon, estimation of, 4. 

Carbon monoxide, 768. 

Carbon monoxide-haemoglobin, 643. 
Carbon oxychloride, 289. 

Carbon pemitride, 785. 

Carbon subnitride, 785. 

Carbon suboxide, 246. 

Carbon tetrabromide, 

Carbon tetrachloride, 67, 290. 
Carbonic acid, derivatives of, 288. 
Carbomc acid, esters of, 288. 

Carbonyl chloride, 289, 768. 

Carbostyril, 479* 482, 577f 580, 704. 
Carbostyril, constitution of, 704. 
Carboxy-cyclopentane- 1 -isobutyric acid , 
620. 

Carboxylase, 725. 

Carboxylic acids, aromatic, 460. 
Carboxylic acids, fatty, 145. 

Carboxyhc group, 146. 

Carbylamincs, 105. 

Carbylamines, constitution of, 106, 769. 
Camosine, 645. 

Carone, 628. 

Caronic acid, 629. 

Carvacrol, 433, 442, 608. 

Carvene, 602. 

Carvenone, 629. 

Carvestrene, 61 1. 

Carvo-mcifchol, 614, 627. 

^rvone, 608, 612, 614. 
Carvotanacetone, 612, 627. 

Carvoxime, 610, 611. 

Casein, 643. 

Caseinogen, 643. 

Catalase, 740. 

Caftdytic dehydration, 749. 


Catalytic esterification, 752. 

Catalytic oxidation, 749< 

Catalytic reduction, 655. 

Catechol, 433, 442. 

Cellase, 331, 741. 

Cellobionic acid, 331. 

Cellobiose, 330. 

Cellose, 330. 

Cellulase, 739. 

Cellulose, 333. 

Cellulose esters, 335. 

Cellulose hydrates, 334. 

Cellulose peroxide, 334. 

Centre of symmetry, 677. 

Centric formula of benzene, 356. 
Cerotene, 43, 5** 

Cerotic acid, 146, 163, 164. 

Ceryl alcohol, 84. 

Ceryl cerotate, 184. 

Cetene, 43. 

Cetyl alcohol, 84. 

Cetyl palmitate, 184. 

Cham isomerism, 90. 

Chains, closed, 20, 24* 34i* 

Chains, open, 20, 341. 

Chalcone, 453, 574- 
Chelidonic acid, 563. 

Chemical retardation, 181, 475. 
Chicago blue 6B, 826. 

Chinese tannin, 635. 
Chlor-acetanilide, 397* , _ 

Chlor-acetic acids, i73» 176, 218. 
Chloracetyl chloride, 2x8. 

Chloral, 136. 

Chloral alcoholate, 136. 

Chloral formamide, 806. 

Chloral hydrate, 136, 806. 
Chloramines, 803. 

Chloranilj 457. 

Chloranilic acid, 458. 

Chloranilines, 397. 

Chlorazol blues, 027. 

Chloretone, 806. 

Chlorhydrins, 200, 206. 
Chlorination, 59, 380. 

Chlorine as an oxidizing agent, 672. 
Chloro-aceto-acetic ester, 238. 
a-Chloro-acylamine acids, 727* 
ChldVo-amylamine, 565. 
Chloro-bcnzene, 380. 
Chloro-benzoic acid, 473» 475* 
Chloro-bromo-benzenes, 382. 
Chloro-butene acid, 177. 
Chloro-camphor, 624. 
Chlo»o-carbonic acid, 289. 
Chloro-carbomc ester, 289. 
Chloro-crotonic acids, 177. 
Chloro-etl'ane acid, 176. 
Chloroform, 59, 66, 806. 
Chloro-formic acid, 176, 289. 
Chloro-methane-oxy-methanol ,134'' 
Chloro-methanol, 134. 
Chloro-methyl alcohol, i34* 
Chloro-naphthalenes, 526. 
ClRoro-nitro-benzenes, 386. 
Chloro-phenols, 438. 

Chlorophyll, 645. 

Chloro-picrin, 100. 
Chloro-propanc-diols, 207. 
Chloro-propene, 68. 
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Chloro-propionic acids, 173, 177. 
Chloro-propylene, 68. 

Chloro-pyndine, 566. 

Chlorosuccinic acids, 722, 723. 
Cholestrophane, 297* 

Choline, 203. 

Chondnn, 043. 

Chromatropic acid, 823. 

Chrome- violet, 518. 

Chromene, 572. 

Chromic anhydride as an oxidizing 
agent, 667. 

Chromogene, 424. 

Chromone, 571, 572, 573, 574 . 
Chromophores, 424. 

Chromo-proteins, 043. [667. 

Chromyl chloride as an oxidizing agent, 
Chrysamine , 50 1 . 

Chrysamine G, 825. 

Chrysaniline, 833. 

Chrysazine, 538. 

Chrysene, 540. 

Chrysin, 572. 

Chrysoidine, 426. 

Chrysoidines, 425. 

Chrysophenine G, 825. 

Ciba blues and green, 846. 

Ciba reds, 847. 

Cinchene, 593. 

Cinchomeronic acid, 570. 

Cinchona bases, 591. 

Cinchonidme, 593. 

Cinchonine, 593. 

Cinchommc acid, 580, 593. 
Cinchotenine, 593. 

Cinchotoxine, 592. 

Cineol, 616, 627. 

Cinnamene, 377. 

Cinnamenyl radical, 482. 

Cinnamic acids, 461, 468, 480. 

Cinnamic alcohol, 447. 

Cinnamic aldehyde, 451. 
Cinnamo-carboxyhc acid, 530. 
Cinnamon, oil or, 451. 

Cinnamyl radical, 482. 
Cinnamylideneacetic acid, 763. 
Cinnamylidenemalonic acid, 763. 

“ Cis- ” form, 254, 347. 

Citral, 604, 605, 606. 

Citrazinic acid, 272. 

Citrene, 602. 

Citric acid, 271. 

Citric esters, 271. 

Citron, oil of, 602. 

Citronellal, 603. 

Citronellic aad, 605. 

Claisen reaction, 233, 467, 490. 
Classification of isoprene r^utchoucs, 
871. 

Classification of organic compounds, 23, 

diagonal formula for benzene, 357. 
Closed chains (rings), 20, 24, 341 et seq. 
Cloth scarlet, 824. 

Clupeine, 639. 

Coal-tar, 361. 

Cocaine, 600. 
a-Cocaine, 600. 

Cochineal scarlet, 823. 

Codeine, 598. 


Coddne methiodide, 597. 

Codeinone, 59^ J 

Coefficient of viAcanization, 874. 

Co-enzymes, 733 . 734 * 

CoUidmes, 569. 

Collodion, 335. 

Colophomum, 616, 630. 

Colour test of unsaturation, 759. 
Columbia black R, 826. 

Combustion of hydrocarbons, 36 
Complex <^anide8, 279. 

Compound celluloses, 336. 

Concninine, 593. 

** Condensation ”, 132. 

Condensed benzene nuclei, 499 et seq. 
Configurations of aldohexoses, 318. 
Configuration, spatial, 162, 255. 260, 

^ 319, 347. 

Conglutin, 643. 

” Congo ” (dye), 501, 825. 

Congo brown G, 826. 

Coniferin, 455, 633. 

Coniferyl alcohol, 454, 455. 

Coniine, 568, 586, 590. 

Coixjugate double bonds, 763. 

Corxjugate nitro compounds, 708. 
Constitution and physiological activity, 
818. 

Constitution of azo-dyes, 427. 
Constitution of benzene, 353. 
Constitution of diazonium salts, 410. 
Constitution of fructose, 323. 
Constitution of glucose, 322. 
Constitution of lactams, 704. 
Constitution of organic compounds, 16. 
Constitution of oximes, 144. 
Constitutional formula, 17. 

Continuous formation of ether, 87. 
Conyrine, 568. 

Copaiba balsam, 631. 

Copal, 631. 

Copellidme, 570. 

Copper glycocoll, 219. 

Copper powder and hydrogen as a re- 
ducing agent, 656. 

Copper-zinc couple, 35. 

Conandrol, 606. 

Correine RR., 842. 

Corydaline, 597. 

Cotarnic acid, 596. 

Cotamine, 5(0S, 705. 

Cotamone, 595. 

Cotton blue R, 841. 

Cotton yellow, 826. 

Coumaran, 550. 

Coumaric acids. 468, 490. 

Coumarilic acid, 550. 

Coumarin, 490. 

Coumarime acid, 490. 

Coumarone, 542, 550. 

Coumarone dibromide, 550. 

Coumarone picrate, 550. 

Coupling of diazonium saltSgSzi. 
Cracking of petroleum, 43. 

Creatine, 308. 

Creatinine, 308. 

Cremor tartari, 262. 

Creosol, 4^^, 867. 

Creosote oil, 364. 

Cresols, 433, 441 * 
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m>Cre8yl cinnamate, ^x. 

Crotomc acids, 167, itp, 225. 
Croton-aldehyde, 137.' 

Crumpsall yellow, 823. 

Cryoscopic method, 10. 
Crypto-isomerism, 710. 

Cryptopine, 598. 

Crystal ponceau, 823. 

Crystal violet, si 6. 

Crystalline, 396. 

Cumene, 369, 376. 

Cupric ferrocyanide, 280. 
Cuto-celluloses, 336. 

Cyamelide, 282. 

Cyanamide, 286. 

Cyanates, 282. 

Cyanhydnns, 132, 141, 214. 

Cyanic acid, 282. 

'Cyanic ester, 282. 

Cyanides, metallic, 278, 769 et teq, 
Cyanidin chloride, 575. 

Cyanines, <f8o. 

Cyanmethme, los. 

Csrano-acetic acid, 173, 177. 
Cyano-carbonic ester, 244. 

Cyano-fatty acids, 176. 
Cyano-nitroacetamiae, 775. 
Cyano-propionic acids, 177. 
Cyano-pyndine, 567-568. 

Cyanogen, 24S. 275* 

Cyanogen bromide, 281. 

Cyanogen chlonde, 281. 

Cyanogen compounds, 272 tt seq. 
Cyanogen iodide, 281. 

Cyanogenetic glucosides, 633. 

Cyanol, 396. 

Cyanuramide. 286. 

Cyanuric acid, 283. 

Cyanuric chloride, 281. 

Cyanuric esters, 283. 

Cyclic ammonium salts, 204, 220. 

Cyclic arsenic compounds, 798. 

Cyclic compounds, 24, 341. 

Cyclic oxygen compounds, salts of, 758. 
Cyclic ureides, 296. 

Cyclo-butane, 342. 

Cyclo-butane-dfione, 778. 

Cyclo-citrals, 607. 

Cyclo-geranyl acetates, 607. 
Cyclo-hexachenes, 373. 
Cyclo-hexane-diol, 444. 
Cyclo-hexane-dione, 457. 
Cyclo-octadiene, 858, 876. 

Cyclo-octane senes, 876. 
Cyclo-octatetrene, 877. 

Cyclo-propane, 342. 
Cyclo-propane-tncarboxylic acids, 620, 
621. 

Cyclo-pentadiene, 861. 

Cymene, 369, 376, 607. 

Cymogene, 42. 

Cystein, 639. 

Cystin, 6341. 

Dambonite, 852. 

Dammar, 631. 

d — dextro-rotatory, 160, 258. 
Dcca-tetrine di-acid, 256. 

Decane, 30. 

D^pyl alcohol, 70. 


Dccylenc, 45. 

Degradation in ring systems, 786. 
Decradation in the sugar group, 316. 
Dehydration, catalytic, 749-752. 
Deka-hydronaphthalene, 525. 
Dekatetrine di-acid, 256. 

Delphin blue, 842. 

Delphinidin chloride, 575 
Deoxy-benzoin, 507. 

Dephlegmators, 81. 

Depsides, 636. 

Dermatol, 486, 800. 
Desdimethylgranatanine, 876. 
Desmotropism, 235, 706, 707, 710. 
Determination of conhguration of hex- 
oses, 20. 

Determination of configuration of olefine 
compounds, 255. 

Determination of configuration of ox- 
imes, 145, 4 54» S07. 

Determination of configuration of pent- 
oses, 319. 

Determmation of methoxy-groups, 587. 
Determination of number of hydroxyl 
groups, 200, 587. 

Developing ayes on the fibre, 828. 
Dewar's benzene formula, 357. 
Dextrines, 339. 

Dextro-limonene, 610. 

Dextro-tartaric acid, 261 et seq. 
Dextrose, 321. 

Dhurnn, 633. 

Diacetamide, 192. 

Diacetanilide, 407. 

Diaceto-acetic ester, 237. 
Diaceto-glutanc acid, 270. 
Diaceto-succinic acid, 270. 
Diaceto-succimc ester, 237. 

Diacetyl, 213, 229. 
Diacetyl-dihydrazone, 229. 
Diacetyl-osazone, 230. 
Diacetyl-phenol-phthaleln, 520. 
Diacctylene, 56. 

Diacetylene-dicarbox^c acid, 256. 
Diagonal formula of benzene, 357. 
Di-aldchydes, 100, 212, 229. 

Di-allyl, 56. 

Dialuric acid, 298. 

Diappide; see Hydrazine, 

Diamine black, 825. 

Diamine blue, 826. 

Diamine brown, 826. 

Diamine green G, 826. 

Diamines, 196, 201, 202. 

Diamines, aromatic, 404. 

Diamino-acetic acid, 639. 
Diamino-acndine sulphate, 804. 
Diamino-gzo-benzene, 426. 

Diammo - azo - benzene hydrochloride, 
426, 

Diamino-caproic acid, 227, 639. 
Diamino-dimethyl-acridine, 832. 
Diamino-diphenyl, 500, 501. 
Diamino-diphenyl-arsinic acid, 791. 
D^mino-diphenyl-mcthane, 504. 
Diamino - methylacridmium chloride, 
805. 

Diamino-phenols, 440. 
Diamino-phcnyl-acndine, 832. 
Diamino-stilbene, 506. 
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Diamino-triphenyl-methane, 51 1. 
Diamino-valenc acid = Ornithine, 227, 
639 - 

Diamond green, 824. 
Dianilino-quinone-dianile, 459. 
Di-anisidine, 502. 

Dianol reds, 827. 

Diaspirin, 810. 

Diastase, 80, 738. 

Diazines, 583. 

Diazo-amino-benzene, ^18. 
Diazo-ammo-compounos, 416 et seq. 
Diazo-ammo-naphthalene, 528. 
Diazo-benzene-sulphonic acid, 431. 
Diazo-benzoic acids, 477. 

Diazo black B, 828. 

Diazo>compounds, 408, 414. 
Diazo-compounds, tatty, 220, 782. 
Diazo-compounds, isomerism of, 415. 
Diazo-guanidme, 308. 

Diazoimincs, 418. 

Diazo-methane, 783. 

Diazonium salts, 395, 408. 
Diazo-phenols, 441. 

Diazotizing, 409. 

Dibasic acids, aromatic. 492. 

Dibasic acids, saturated, 239. 

Dibasic acids, unsaturated, 249. 

Dibasic ketonic acids, 269. 
Dibenzoyl-succinates, 705. 

Dibenzyl, 499, 505. 

Dibromo-acetic acid, 173. 
Dibrom-aniline, 398. 

Dibromo-benzenes, 381. 

1 :4-Dibromo-butane, 543, 549. 

1 :5-Dibromo-pentane, 543. 
Dibromo-propionic acids, 173. 
Dibromo-propyl aldehyde, 136. 
Dibromo-succinic acids, 249. 

Dicetyl ether, 

Dichloramine T, 803. 

Dichlor-hydnns; see Chlorhydrim. 
Dichloro-acetic acid, 173, 176. 
Dichloro-aceto-acetic ester, 238. 
Dichloro-butyro-lactone, 248. 
Dichloroethyl sulphide, 93. 
Dichloro-isoquinoline, 581. 
Dichloro-maleic acid, 367. 
Dichloro-propanc-ols, 207. 

Dichromates as oxidizing agents, 667. 
Diethyl; sec Normal butane, 38. 
Diethylamine, 113- 

Diethylamino - ethyl p - aminobenzoate, 
817. 

Diethylamino-phenol, 440- 
Diethyl-m-aminophenol, 440. 
Diethyl-anilme, 391, 403. 
Diethylbarbituric acid, 298, ^7. 
Diethyl-butyro-lactone, 248. 
Di^yl-cyanamide, 287. 
Didmyl-diamino-naphthaphen-oxazine, 
586. 

Diethyl disulphide, 92. 
Diethylene-diamine, 202, 585* 

Diethyl ether, 88. 

Diethyl-hydrazine, 116. 

Diethyl ketone, 139. 

Diethyl nitrosamin^ 116. 

Diethyl peroxide. 188. 
Diethyl-semi-carbazide, 116. 


Diethyl sulphideaqi. 

Diethyl sulphonA 92. 

Diethyl sulphoxHKle, 92. 

Diethyl tartrate, 262. 

Diethyl-thio-urea, 306. 

Diethyl-urea, 116, 289. 

Diflavone derivatives, 574. 

Digitalein, 633. 

D^talin, 633* 

Digitonin, 633. 

Digitoxin, 633. 

Diglycollic acid, 2x8. 

DiglycoUic anhydride, 2x8. 
Dihydrazones, 229, 3xx. 

Dihydric alcohols, X95. 

Dihydric phenols, 442. 
Dihydro-anthracene, 535. 
Dihydro-benzenes, 373. 

Dihydro-benzoic acids, 470. 
Dihydro-carvone hydrobromide, 
Dihydro-cinnamylidene-acetic acid, 763. 
Dihydro - coUidme - dicarbo.tyhc est^r, 

Difiy^ro-coumarone ,550. 
Dihydro-cymene, 613. 

Dihydroglucal, 325. 
Dibydro-methyl-pyridine, 567. 
Dihydro-phenazine, 585. 
Dihydro-phthalic acids, 494. 
Dihydro-pyndmes, 570. 
Dihydro-quinolme, 580. 
Dihydro-terephthalic acids, 495. 
Dihydrotoluene, 86 x. 
Dihydroxy-acetone, 735. 
Dihydroxy-anthranol, 538. 
Dihydroxv-anthraquinones, 537. 
2'4*Dihyaroxy-azo-benzcne-4-8ulphonic 
acid, 426. 

3*4.-Dihydroxy-benzaldehyde, 454. 
Dihydroxy-benzenes, 442. 
Dihydroxy-benzoic acids, 485. 
Dihydroxy-benzo-phenone, 513, 


52t 

Dihydroxy-camphoric acid, 623. 
Dihydroxy-cinnamic acids, 49 x. 
Dihydroxy-coumarine, 633. 

Dihydroxy - dihydro - terephthalic acid, 

Diiiy^roxy-diphcnyls, sox. 
Dihydroxy-flavone, 572. 
Dihydroxy-ltexamethylene, 444. 
Dihydroxylenes, 375- 
Dihydroxy-naphthafluoran, 531. 
Dihydroxy-naphthaquinones, 53 x. 
Dihydroxy-purine, 302. 
Dihydroxy-stilbene, 763. 
Dihydroxy-succinic acid, 258. 
Dihydroxy- tartaric acid, 270, 368. 
Dihydroxy-terephthalic acid, 497. 
Dihydroxy-toluene, 444. 
Dihydroxy-xanthone, 583. 
Di-iodo-phenol-sulphonic add, 44 x. 
Diketo-butane, 229. • 

Diketo-camphoric ester, 623. 
Diketo-dihydro-bexizene, 457. 
Diketo-hexamethylene, 444, 457, 497* 
Diketo-hexane, 229. 

Diketones, 229, 232. 

Di-lactic acid, 223. 

Dill, oil of, 6x0. 


518, 
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Dimethoxy-benzidine,|502. 
Dimethoxybenzyl -dimlthoxy-iso-quino- 
line, 594. ' 

Dimethoxy-iso-quinoline, 593. 
Dimethoxy - iso - quinobne - carboxylic 
acids, 593. 597* 

Dimethyl-acetic acid, 159. 
Dimethyl-aceto-acetic ester, 236. 
Dimethyl-acrylic acid, 761. 
Dimethyl-alloxan, 299. 

Dimethylamine, 114. 
Dimethyl-amino-antipyrine, 809. 
imethyl-amino-azo-benzene, 425. 
Dimethyl - amino - azo - benzene 
sulphonic acid, 426. 

Dimethyl-aniline, 391, 402. 
Dimethyl-arsme compounds, 119, izo. 
Dimethyl-benzenes; see Xylene^ 375. 
Dimethyl-benzoic acids, 479. 
zi^-Dimethyl-butadiene, 861. 
Dimethyl-butane-diol, zoo. 
2-Dimethyi-3-butanone, 143, zoo. 
Dimethyl - cyclobutane - dicarboxylic 
acid. 618. 

Dimethyl-cyclohexenone, 366. 
a:6-Dimethyl-cyclo-Ai® octadiene, 858. 
Dimethvl - diamino - tolu - phenazine = 
toluvlene red. 835. 

Dmiethyl-dihyaroxy-cyclo-propane, 345. 
Dimethyl ether, 89. 

Dimethyl-furane, 546. 

Dimethyl-keten, 778. 

Dimethyl-ketol, 213. 

Dimethyl ketone, 142. 
Dimethyl-naphthylamines, 528. 
Dimethyl-nitrosamine, iii. 
Dimethyl-oxamic ester, 109. 
Dimethyl-oxamide, 109, 244. 
Dimethyl-parabamc acid, 207. 
Dimethyl-phenylamine oxide, 402. 
Dimethyl-phosjihinic acid, 118. 
Dimethyl-piperidonium iodide, 570. 
Dimethyl-pyrazine, 584. 
Dimethyl-pyndines, 569. 
Dimethyl-pyrone, 569. 
Dimethyl-pyrrole, 561. 
Dimethyl-quinoline, 
s-Dimethyl-succinic acids, 249. 
Dimethyl-thiophene, 545. 

Dimethyl - tnmethylene - dicarboxylic 
acid = Caronic netd, 6291 
Dimethyl-uric acids, 302. 
Dimethyl-xanthine, 303. 

Dinaphthols, 530. 

Dinaphthyls, 

Dinicotinic acid, 570. 

Dinitro-benzenes, 384, 385. 
Dinitro-diphenyl, 500. 

Dinitro-ethane, 100. 

Dimtro-methane, 100. 
Dinitro-naphthalenes, 52/. 
Dinitro-phenols, 439. 

Dinitro-tolD'enes, 384, 386. 

Dionine 598. 

Dioximes. 507. 

Dioxindole, 552, 555. 

Dipalmitin, 208. 

Dipentene, 609, 61 1. 

Dipentene dihydrochloride, 606, 613. 
Dipentene tetrabromide, 613. 


Diphenic acid, 502. 

Diphenyl, 499. 

Diphenyl-acetic acid, 504. 
Diphenyl-acetylene; see To/ane, 506. 
Diphenylamine, 401. 

Diphenyl-benzene, 502. 
Diphenyl-bromo-methane, 504. 
Diphenyl-butadiene, 764. 
Diphenyl-butyro-lactone, 248. 
Diphenyl-carbinol, 504. 
Diphenyl-carbo-di-imide, 288. 
Diphenyl-carboxyhc acids, 501, 505. 
Diphenyldihydrophenazine, 777. 
Diphenylene ketone, 505. 
Diphenylene-metliane, 453, 505. 
Diphenylene-methane oxide, 582. 
Diphenylene oxide, 501. 
Diphenyl-ethane, 502, 504. 
Diphenyl-ethylene, 506. 
Diphenyl-glycol. 506. 

Diphenyl-glycollic acid, 504. 

Diphenyl group, 498. 
f-DiphenyT-hydrazine. 423. 
unsym. -Diphenyl-hydrazine, 424. 
Diphenyl-hydrazones, 229, 311. 
Diphenyline, 501. 

Diphenyl-keten, 778. 

Diphenyl ketone, 453. 
Diphenyl-methane, 498, 502, 504. 
Diphenyl-methane dyes, 830. 
Diphenyl-methane oxide, 582. 
Diphenyl-nitrosamine, 401. 
Diphenyl-oxide, 437. 
Diphenyl-qumo-methane, 779. 
Diphenyl-succino-nitnle, 277. 
Diphenyl-thio-urea , 407 . 

Diphenyl-urea; see Thtocarbantlide. 
Diphenyluretidone, 550. 

Dipicolinic acid, 570. 

Diplosal, 810. 

Dippel’s oil. 565. 

Dipropargyl, 56. 

Dipropyl ketone, 139. 

Dipyndine, 567. 

Dipyridyl, 567. 

Diquinine carbonate, 593. 

Direct yellow, 828. 

Disaccharoses, 309, 327, 742. 

Disa^ol, 802. 

Disazo dyestuffs, 823. 

Dissociation constants of acids, 166, 173, 
468, 730. 

Distillation, fractional, 27. 

Distillation, steam, 27. 

Disqlphides, 92. 

Disulphoxides, 92. 
Ditertiary-hydrazines, 424. 
Dithio-cai|bamic acid, 306. 
Dithio-carbonic acid, 305. 

Dithymol di-iodide, 803. 

Diurea, 289. 

Diuretics, 813. 

Divalent carbon, 768. 

Dodecane, 30. 

D^ecvl alcohol, 70. 

Dodecylene, 45. 

Dormigene, 807. 

Doimiol, 806. 

Double bond, 46. 755. 
Drachoresotannol, 631. 



INDEX 


889 


Druses in the organism, fate of, 819. 
Dulcitol, 211, 318. 

Duotal, 8 o 2. 

Durene, 369, 376. 

Dyeing, 424. 

Dyes, 425, 020. 

Dynamic isomerism, 710, 717. 
Dynamite, 208. 

Ebulliscopic method, 1 1 . 

Ecgonine, 600. 

Edestin, 643. 

Egg albumin, 642. 

Eicosane, 30. 

Eicosylene, 45. 

Eikonogen, 530. 

Elaidic acid, 171. 

Elastin, 643. 

Electrical conductivity, 167, 731, 743. 
Electrolytic oxidation, 674. 

Electrolytic reduction, 661. 

Elementary analysis, 4. 

Emetine, 507. 

Empincal formulae, 7. 

Emulsin, 276, 448, 632, 738, 741. 
Emulsin, in asymmetnc synthesis, 722. 
Enzymes, 79, 80, 737. 

Eosin, 521, 831. 

Eosin group, the, 519. 

Epicanne, 801. 

Epichlorhydnn, 207. 

Epifucose, 318. 

Engeron, oil of, 610. 

Erucic acid, 167, 172. 

Erythrene, 861. 

Erythrin, 2 10. 

Erythntol, a 10. 

Erythro-dextrine, 339. 

Erythrose, 317. 

Erythrosins, 831. 

Essential oils, 601. 

Ester alcohols, 196. 

Esterases, 738. 

Esterification, 178, 476, 752. 

Esters, 77, 94, 178, 470. 

Etard reaction, the, 374, 449, 667. 
Ethanal, 134. 

Ethanal acid, 230. 

Ethane, 30, 37. 

Ethane acid, 155. 

Ethane-amide, 192. 

Ethane-amidine, 194. 

Ethane di-acid, 242. 

Ethane-dial, 229. 
r-Ethane-dicarboxylic acid, 24C. 
Ethane-nitrile, 105. 

Ethane-oxy-ethane, 88. 

Ethane- tetra-carboxylic ester (j^ymmetr.). 

Ethane-thiol, 91. 

Ethfhe-thiolic acid, 188. 
Ethane-thion-amide, 193. 

Ethanol, 78. 

Ethanolic acid, 217. 

Ethanoyl chloride, 186. 

Ethene. 51. 

Ethenyl-amidoximc, 195. 
Ethenyl-diphenyl-amidine, 194. 

Ether, 88. 

Ethers, 86. 


Ethers, mixed, 87. 

Ethers, phenoli<^32. 

Ethers, simple, Wj. 

Ethidene chloride, 65. 

Ethine, 55. 

p-Ethoxyacetanilide, 440, 809. 
Ethoxy-group, 183. 

Ethyl acetate, 184. 
Ethyl-acetchloroamide, 193. 
Ethyl-acetchloroimide, 193. 

Ethyl-acetic acid, 158. 

Ethyl aceto-acetate, 234. 

Ethyl aceto-acetate as a synthetical re- 
agent, 236, 465, 757. 

Ethyl aceto-acetate, constitution of, 235, 
698, 70s, 707, 710, 71 1. 

Ethyl adipate, 240. 

Ethyl alcohol, 70, 78. 

Ethyl p-amino-benzoate, 817. 

Ethyl- oenzene, 369, 375. 

Ethyl benzoate, 470. 

Ethyl-benzoic acids, 468. 

Ethyl benzoyl-acetate, 573, 702, 71 1 
Ethyl bromide, 59. 

Ethyl butyrate, 184. 

Ethyl caroamate, 291. 

Ethyl carbonate, 288. 

Ethyl-cetyl-ether, 90. 

Ethyl chloride, 59, 806. 

Ethyl chloroacetate, 782. 

Ethyl chloro-carbonate, 289. 

Ethyl chloro-formate, 289, 634. 

Ethyl citrates, 271. 

Ethyl collidine-dicarboxylate, 566. 

Ethyl cyanamide, 287. 

Ethyl cyanide = Propio-nitrile, 105. 
Ethyl cyano-acetate, 246, 566. 

Ethyl cyanurate, 283. 

Ethyl cyclohexanedione di-acid, 366. 
Ethyl diazoacetate, 220, 620, 757, 782. 
Ethyl dibenzoyl-succinates, 705. 
Ethyl-dichloro-amine, 115. 

Ethyl dihydrocollidine-dicarboxylate, 
238. 

Ethyl diketo-apocamphorate, 623. 

Ethyl diketo-camphorate, 623. 

Ethyl dimethyl-aceto-acetate, 236. 

Ethyl dimethylacrylate, 629. 

Ethyl dimethyl-oxamate, 24^. 

Ethyl { dimethyl - propanetncarboxylate, 
620. • 

Ethyl dimethyl-pyridine-di-carboxylate, 

s66. 

Ethyl disulphide, 92. 

Ethyl disulphoxide, 92. 

Ethyl ethanetricarboxylate, 247. 

Ethyl ether, 88, 807. 

Ethyl ethyl-aceto-acetate, 236. 

Ethyl ethyl-keten-carboxvlate, 779. 
Ethyl ethyJsulphonate, 103. 

Ethyl fluoride, 63. 

Ethyl formate, 184. 

Ethyl glycollate, 217. 

Ethyl-glycollic acid, 217, 210. 

Ethyl green, 517. 

Ethyl-hydrazine, 116. 

Ethyl hydrogen carbonate, 289. 

Ethyl hydrogen peroxide, 188. 

Ethyl hydrogen sulphate, 10 1. 

Ethyl hydrogen sulphite, 102. 
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Ethyl hydrosulphide, oi. 
i-Ethyl-s-hydroxy tcTOhydroquinoline, 
808. ' 

Ethyl j8-hydroxy>trimethylglutarate, 622. 
Ethyl imidodicarboxylate, 291. 
Ethyl-indoxyl, 553. 

Ethyl indoxylate, 553. 

Ethyl iodide, 59. 

Ethyl isocyanate, 282. 

Ethyl isocyamde, 106. 

Ethyl isocyanurate, 284. 

Ethyl isothiocyanate, 286. 

Ethyl lactate, 223. 

Ethyl lactate, molecular magnetic rota- 
tion of, 701. 

Ethyl-lactic acid, 223. 

Ethyl malonate, 245. 

Ethyl mercaptan, 91. 
Ethyl-methyl-acetic acid, 160. 

Ethy# methyl-aceto-acctate, 236. 

Ethyl methyl-ethyl-aceto-acetate, 236. 
EAyl nitrate, 96. 

Emyl nitrite, 97. 

Ethyl-nitrohc acid, 100. 

Ethyl orthoacetate, 204. 

Ethyl orthocarbonate, 290. 

Ethyl orthoformate, 148, 204. 

Ethyl oxalacetate, 232, 269, 715. 

Ethyl oxalate, 242, 244. 

Ethyl oxalate, reactions of, with amines, 

lOQ. 

Ethyl oxalic acid, 242, 244. 

Ethyl-oxalyl chloride, 244. 

Ethyl oxamate, 244. 

Ethyl oxamic chloride, 244. 

Ethyl phenylaminocrotonate, 577. 

Ethyl 2 - phenyl - 3 - benzoyl -1:1- dicar- 
boxylate, 344. 

Ethyl phloroglucinoldicarboxylate, 367, 
44?, 466. 

Ethyl propanetetracarboxylate, 248. 
Ethyl propylacetoacetate, 226. 
Ethyl-propylbenzylphenylsihcane, 682. 
Ethyl - propyldibenzylsilicane monosul- 
pnonic acid, 682. 

Ethyl-pyndines, 568. 

Ethyl quinine carbonate, 593. 

Ethyl succinylosuccinate, 249, 366, 613. 
Ethyl sulphate, loi. 

Ethyl sulphide, 91. 

Ethyl-sulphinic acid, 103. ' 

Ethyl sulphite, loz. 

Ethyl sulphone, 92, 93. 

Ethyl-sulphonic acid, 92, 93. 102. 
Ethyl-sulphonic chloride, 103. 

Ethyl sulphoxide, 92. 

Ethyl tartrates, 262. 

Ethyl tctrahydronaphthalcne-tetra-car- 
boxylale, 523. 

Ethyl thiocarbonate, 305. 

Ethyl thiocyanate, 285. 

Ethyl triazoacetate, 784. 

Ethyl triaz(«propionate, 784. 

Ethyl trimesate, 366. 

Ethyl trimethylaihydropyridine - dicar - 
boxylate, 565. 

Ethyl-urea, 295 
Ethyl violets, 517. 

Ethylamine, 113. 115. 

Etkvlamme ethvldithiocarbamate. 306. 


Ethylaniline, 391. 

Ethylene, 45 51. 

Ethylene bromide, 59, 65. 
Ethylene-carboxylic acid, 170. 

Ethylene chloride, 59, 65. 

Ethylene cyanhydnn,>2oi. 

Ethylene cyanide, 201. 
Ethylene-diamine, 196, zoi, 202. 
Ethylene-dicarboxylic acids, 255. 
Ethylene-glycol, 199. 

Ethylene-lactic acid, 224* 

Ethylene oxide, 198, 201, 448. 

Ethylene ox'de type of sugars, 743. 
Ethylene-ozonide, 671. 

Ethylene-succinic acid, 246. 
Ethylidene-anilme, 577. 

Ethylidene bromide, 59, 65. 

Ethyhdene chloride, 59, 65. 

Ethyhdene cyanhydnn, 132, 201. 
Ethyhdene-diphenyldiamine, 395. 
Ethylidene-glycol, 199. 

Ethyhdene-lactic acids, 221 et seq, 
Ethylidene-succinic acid, 249. 
Ethylol-trimethyl-ammonium hydroxide, 
203. 

Eubomyl, 807. 

Eucaine, 601, 816. 

Eucalyptol, 627. 

Eucalyptus oil, 616. 

Eugenol, 433. 442. 

Euphonn, 809. 

Euquinine, 503, 815. 

Eurnodines, 835. 

Euxanthone, 583. 

Even numbers, law of, 21. 

Exhaustive methylation, 549, 571, 588, 
597, 603, 864. 

Extraction with ether, 28. 

Fast black B, 845. 

Fast blues, 841. 

Fast brown G, 824. 

Fast neutral violet, 838, 

Fast reds, 823. 

Fast yellow, 530. 

Fats, 164, 205, 208. 

Fatty acid senes, 146. 

Fatty compounds, 24. 

Fatty compounds from benzene deriva- 
tives, 367. 

Fehling*s solution, 262, 329. 

Fenchenes, 626. 

Fenchone, 625. 

Fenchosantanone, 626. 

Fcnnentation amyl alcohol, 83. 
Fermentation lactic acid, 222. 
Fermentations, 79, 205, 222, 314, 732. 
Ferments *^79. 

Ferments, unorganized; see Enzymes^ 

^79,205, 448,737. . 

Ferric chlondc as an oxidizing agent. 

Ferrous-potassium oxalate, 244. 

Ferulic acid, 491. 

Fibrin, 642. 

Fibrinogen, 642. 

Fire-damp, 34. 

First runnings, 364. 

Fittig*s synthesis, 368. 

Flavanol. S 72 . 
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Flavanone, 572;. 

Flavazine L, 829. 

Flavone, 572, 573. 

Flavo-purpurin, 844, 

Fluorane, 520. 

Fluoranthene, 540. 

Fluorene. 505. 

Fluorenyl alcohol, 505. 

Fluorescein, 521. 

Formaldehyde, 134, 325, 340, 800. 
Formalin, 134. 

Formamide, 192. 

Formamint, 800. 

Formanilide, 406. 

Formhydroxamic acid chloride, 774. 
Formic acid, 146, 153, 753. 
Formo-rhodamine, 583. 

Formose, 134, 325. 

Formula, calculation of the empiri- 
cal, 7. 

Formulae, constitutional, 17 et <ieq. 
Formyl chloride, 769. 

Formyl chloride oxime, 774. 
Formyl-diphenylamine, 582. 

Fractional distillation, 27. 

Freezing temperature of solutions, 10. 
Friedel-Crafts* synthesis, 370, 452, 503, 
S09. 754. 

Fructose, 310, 323, 744. 

Fruit sugar, 323- 
Fuchsine, 512, 513. 
Fuchsine-sulphurous acid, 516. 

Fucose, 318. 

Fulmmic acid, 772. 

Fulminunc acia, 775. 

Fumanc acid, 250. 

Furaldehyde, 317. 546. 

Furalmalonic acid, 547. 

Furane or Furfurane, 342, 542, 543, 546. 
Furane-carboxyhc acid, 544, 547. 
Furoln, 547. 

Furol, 540. 

Furylacrylic acid, 547. 

Fusel oil, 79, 736. 

Galactase, 741. 

Galactonic acid, 318. 

Galactoses, 318, 320, 322. 

Galipot resin, 630. 

Gallamine blue paste, 842. 

Gallein, 521. 

Gallic acid, 486. 

Gallocyanine DH, 842. 

Gallo-tannic acid, 486, 634. 

Galyl, 796. 

Gambines, 821. 

Gasolene, 42. 

Gentianosc, 331. 

Gentiobiase, 741. 

Gentiobiose, 331. 

GerJhial, 604. 

Geranic acid, 604, 605. 

Geraniol, 604, 605. 

Gladstone-Trwe couple, 33. 

Gliadins, 643. 

Globulins, 642. 

Glucal, 324. 

Glucase, 741. 

Glucisido- tannic acid, 635. 

Gluco-gallic acid, 635. 


Gluconic acid, 228, 318. 

Gluco-proteins, 

Glucosamines, 6^. 

Glucosan, 333. 

Glucose-phenylhydrazone, 321. 

Glucose phosphate, 734. 

Glucoses, 318, 320, 321, 719, 744. 
Glucosides, 313, 631, 742. 

Glucosimine, 631. 

Glucosone, 321. 

Glutacomc acids, 765. 

Glutamic acid, 258, 639, 737. 
Glutamine, 258. 

Glutaric acid, 239, 248. 

Glutanc anhydride, 560. 

Gluteins, 643. 

Glutose, 326. 

Glyceraldehyde, 228, 325, 735. 

Glycenc acid, 206, 226, 726. 

CJlycendes, 147, 208. 

Glycerine, 205. 

Glycenne mtrates, 208. 

Glycerol, 79, 205, 736. 

Glycerol chlorhydnns, 207. 
Glycerophosphates, 815. 

Glycerose, 317, 325. 

Glyceryl chloride, 67. 

Glyceryl esters, 207, 209. 

Glyceryl monoformate, 1 54. 

Glyceryl phosphates, 209. 

Glyceryl phosphonc acid, 206. 

Glyceryl sulphunc acid, 206, 

Glyceryl trinitrate, 208. 

Glyceryl tripalmitate, 208. 

Glycide alcohol, 206. 

Glycide compounds, 207. 

Glycine, 219. 

Glycocoll, 218, 219, 639. 

Glycocoll, salts of, 219. 

Glycocyamidine, 308. 

Glycocyamine, 308. 

Glycopn, 339. 

Glycol, 99, 212. 

Glycol, ethers of, 200. 

Glycol bromhydnns, 198. 

Glycol chlorhydnns, 198, 200. 

Glycol lodhydnn, 198. 

Glycolaldehyde, 325. 

Glycolide, 219. 

Glycollamide, 217, 218. 

Glycollic acetates, 196. 

Glycollic acid. 212, 213, 217. 

Glycollic aldehyde, 212, 228. 

Glycollic anhydnde, 218. 

Glycollic di-nitrate, 200 
Glycollyl chloride, 217, 218. 

Glycols, 195. 

Glycolunc acid, 296. 

Glycolyl-urea, 295. 

Glycosal, 802. 

Glycuronic acid, 230. 

Glycylglycme, 640. 

Glyoxal, 212, 229. 

Glyoxalase, 740. 

Glyoxalic acid, 212, 230. 

Glyoxalin, 560. 

Glyoxylic acid, 230. 

Gnoscopine, 596. 

Grape sugar, 321. 

Gngnard's reagents, 75, 124 et seq., 149, 
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204, 380. 428, 447. 449, 453, 46s, S04, 
^509,543.575. fc 
Guaiacol, 443, 802. \ 

Guaiacyl carbonate, 802. 

Guaimar, 802. 

Guanase, 740. 

Guanidine, 287, 290, 307. 

Guanine, 303, 643. 
Guanino-aminovAenc acid, 639. 
Guldberg and Waage*s law, 167, 179. 
Gulonic acid, 318. 

Guloses, 315, 318. 

Gum benzoin, 469. 

Gim cotton, 335. 

Guvacine, 590. 

Guvacoline, <90. 

Guye*s hypothesis, 716. 

EJsematin, 644. 

Haemato-jjorphyrin, 644. 

Hsemin, 643. 

I^moglobtn, 643. 

mlogen derivatives of the aromatic 
senes, 378. 

Halogen derivatives of the fatty series, 

Halogens, detection of, 3. 

Halogens, estimation of, 6. 

Halogenated fatty acids, 173. 
Haloijrenated sulphonamides, 431. 
Homes* naphthalene formula, 524. 
Hatchett*s brown, 280. 

Heat of combustion, 731. 

Hedonal, 807. 

Helianthin, 426. 

Heliotrope, 454. 

HelUVothara-Zelinsky method, I 7 S, 7 i 3 ‘ 
Hemi-albumoses, 641 . 

Hemi-celluloses, 337. 

Hemi-mellithene, 369, 376. 
Hemi-mellitic acid, 498. 

Hemiterpenes, 601. 

Heneicosane, 30. 

Hentriacontane, 30. 

Heptaldehyde, 135. 

Heptane, 30. 

Heptoic acid, 146. 

Heptoses, 310. 

Heptyl alcohol, 70. 

Heptylene, 45. 

Heroin, ^98. 

Hespenaene, 602. 

Hesperidin, 633. 

Hessian brown BB, 827. 

Heterocyclic compounas, 24, 342, 541. 
Hetocresol, 801. 

Hetol, 801. 

Hexabromo-benzene, 367, 381. 
Hexachloro-benzene, 367, 381. 
Hexachloro-ethane, 67. 

Hexacontane, 30. 

Hexadecane, 30. 

Hexadecang^acid, 167. 

Hexadecylen^ 45. 

Hexadiene, 50. 

Hexadiine, 56. 

Hexahydric alcohols, 2x1. 
Hexahydro>benzene, 373. 
Hexahydro-benzoic acid, ^ 7 o. 
Hqpihydro-isophthalic acid, 366, 497. 


Hexahydro-naphthalene, 525. 
Hexahydro-phenol, 437, 657. 
Hexahydro-phthahc acid, 494. 
Ilcxahydro^pyrazine, 585. 
Hexahydro-pyndine = Piperidine ^ 564. 
HexahydrO'terephthalic acid, 496. 
Hexahydro'tetrahydroxy-benzoic acid, 

H^liydrO'Xylenes, 375. 
Hexahydroxy-benzene, 445. 
Hexamethyl-benzene, 377. 
Hexamethyl-para-rosanilme ,516. 
Hexamethylene = Cyclo-hexane ^ 342. 

373 - 

Hexamethylene-carboxylic acid, 470. 
Hexamethylene-tetramine, 134, 800. 
Hexamine, 800. 

Hexamylase, 339. 

Hexane, 30. 

Hexane-pen tolals, 321. 
Hexa-phenyl-ethane, 777. 

Hexoses, 310, 318 et seq. 

Hexoses, synthesis of, 325, 327, 339. 
Hexyl alcohol, 70. 

Hexylene, 45. 

Hexylic acids. 163. 

Hippunc acid, 219, 472. 

Histidine, 639, 642, 645. 

Histones, 642 

Hofmann's reaction, no, 393. 

Holocaine, 816. 

Homatropme, 599, 816. 

Homocatechol, 444. 

Homogentisic acid, 740. 

Homologous series, 20. 

Homology, 20. 

Homo-phthalic acid, 581. 
Homoterpenylic methyl ketone, 614. 
Honey-stone, 498. 

Hordenine, 813. 

Hydantoic acidf, 295. 

Hydantoin, 295- 
Hydracryxlic acid, 224. 

Hydrastine, 596. 

Hydratropic acid, 468, 480. 

Hydrazides, 422. 

Hydrazine, 220, 307. 

Hydrazines, aromatic, 421. 

Hydrazines, fatty, 116. 
Hydrazo-benzene, ax 8, 420. 
Hydrazo-compounds, 419. 

Hydrazoic acid, 220, 308. 

Hydrazones, aromatic. 449, 453. 
Hydrazones, carbohydrate, 311. 
Hydx^ones, fatty, X33, X41. 

Hydriodic acid as a reducmg agent, 650. 
Hydro-benzoic acids, 470 
Hydro-beMoIn, 506. 

Hydro-camostynl, 480. 
Hydro-celluloses, 334. 

Hydro-coumaric acids, 485. 
Hydro-coumarin, 490. 

Hydro-ferricyanic acid. 280. 
Hydro-ferrocyanic acid, 280. 
H^^ro-isophtnalic acids, 497. 
Hjmro-paracoumaric acid, 485. 
Hydro-phthalic acids, 494~495 
Hydro-terephthalic acids, 494. 
Hydrocarbons, benzene, 308. 
Hydrocarbons, fatty, 30. 
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Hydrocinnamic acid. 468, 479. 
Hydrocotarnme, 595, 596, 705. 
Hydrocyanic acid, 273, 275* 
Hydrocyano-carbodipncnyhmide, 5 54. 
Hydrogen, detection of, 3. 

Hydrogen, estimation of, 4. 

Hydrogen peroxide as an oxidizing agent, 
670. 

Hydrogen value for unsaturated com- 
pounds, 658. 

Hydrolysis — 5 a/)owiy?r£iffV>«, 73, 95, 165, 
182, 

Hydrolysis of acid amides, 190. 
Hydrolysis of disaccharoses, 326. 
Hydrolysis of esters, 182. 

Hydrolysis of ethjrl acetoacetate, 234. 
Hydrplysis of nitriles, 104. 

Hydromellitic acid, 498. 

Hydron blue, 848. 

Hydropyridines, 570. 

Hydroquinolines, ^o. 

Hydroquinone — Quinol, 443. 
Hydroxy-acetic acid, 217. 
Hydroxy-acetone, 212. 
Hydroxy-acetophenones, 574. 
Hydroxy-acids, 213 et seq., 256 et seq.y 
456 et seq. 

Hydroxy aldehydes, 212. 
Hydroxy-anthracenes, 536. 
Hydroxy-anthraqmnones, 537, 843. 
Hydroxy-azobenzenes, 421, 426. 
Hydroxy-azo compounds, 424, 427. 
Hydroxy-benzaldehydes, 454. 
Hydroxy-benzene, 436. 

Hydroxy-benzoic acids, 468, 483 et seq. 
Hydroxy-benzyl alcohol, 454, 633. 
Hydroxy-butyraldehyde, 137. 
Hydroxy-butync acids, 215. 
Hydroxy-camphenilic acid lactone, 620. 
Hydroxy-caproic acids, 224. 
Hydroxy-chloromethyl ether, 134. 
Hydroxy-cinnamic acid, 468, 490. 
Hydroxy-dibasic acids, 256. 
Hydroxy-ethyl-dimethylamine, 598. 
Hydroxy-ethylamine, 196, 201. 
Hydroxyindole, 555. 

Hydroxy-isobutync acid, 215. 
Hydroxy-ketone dyestuffs, 843. 
Hydroxy-ketones, 212. . 

Hydroxyl groups, estimation of, aofT 
Hydroxylamines, 115, 421, 654. 
Hydroxylenes, 375. 

Hydroxy-malonic acid, 256. 
Hydroxy-methyl-benzoic acid, 489. 
Hydroxy-methylene-acetone, 232. 
Hydroxy-naphthoic acids, 532. 
Hydroxy-phenyl-alamne, 48^. 
Hydroxy-phenylamino-propionic acid, 

6-I^*roxy-phenylarsinic acid, 793. 
Hydpoxy-phenyl-ethyl alcohol, 736. 
Ifydroxy-phenylethylaminc, 8 1 1 . 
ydroxy-phenyl-propiomc aad, 485. 

724. 

Hydroxy-poly basic acids, 271. 
Hydroxy-propionic acids, 215. 221. ' 
Hydroxy-pyndencs, 568. 
Hydroxy-quinaldine, 577. 
Hydroxy-quinol, 433, 445. 
Hydroxy-quinoline, 577, 580. 


Hydroxy-succinic acid, 256. 
Hydroxy-terpane-one, 629. 
Hydroxy- thiotolyie, 549, 
Hydroxy-tricarballylic acid, 271. 
Hydroxy-uracyl, 298. 

Hymatol, 801. 

Hyoscine, 601. 

Hyoscyamine, 600. 

Hypnone, 4K2, 807. 

Hypnotics, 805. 

Hypoxanthine, 303. 

Hystazine, 538. 

i ~ inactive, 258. 

Iditol, 318. 

Idonic acid, 318. 

Idosaccharic acid, 318. 

Idoses, 318. 

Imid-azole, 560. 

Imides, 247. 

Imido-carbonic acid, 290. 
Imido-chlorides, 193. 
Imino-carbamide, 307. 
Imino-ethers. 19a, 104, 47^. 
Imino-formyl chloride, 277. 
Imino group, 107. 
Imino-thio-ethers, 193. 
Indamine blue, 841. 

Indamine dyestuns, ^3. 
Indanthrene dyes, 848. 

Indazme M, 838. 

Indian Geranium oil, 606. 
Indican, 556, 633. 

Indigo, 5 SS» 845. 

Indigo-brown, 556. 
Indigo-carmine, 556. 
Indigo-purpunn, 557. 
Indigo-red, 556. 
Indigo-sulphonic acids, 556, 
Indigo syntheses, 556. 
Indigo-white, 556, jjsy. 
Indigo-yellow 3G, 846. 
Indirubin, 557. 

Indochromogene S, 843. 
Indol-alanine, 639. 

Indole, 542. 5SO, 55 1. 555- 
Indophenols, 833. 

Indoxyl, 552. 555- . , 

Indoxyl-sulphunc acid, 553. 
Indoi^lic acid, 5y. 

Induline sca^et, 839. 

Indulines, 835. 

Inks, 486, 

Inosite, 446. 

Inositol methyl ethers, 852. 
Internal viscosity, 731. 

Inulase, 739. 

Inulin, 323, 339, 739* 

Inversion, 323, 329. 

Invert sugar, 329. 

Invertase, 80, 737, 741. 
lodival, 807. 
lodoacetic acid, 173. 
lodo-benzene, 378. 

Iodoform, 59, 60, 802. 
lodoformin, 802. 
lodole, 547, 802 
lodonium compounds, 383, 
lodopin, 807. 
lodopropanes, 63. 



894 


INDEX 


lodo-proplonic acids, 173, 177. 
lodoso>benzene, 383. 
lodoxy-benzene, 383. \ 
p-lodoxy-toluene, 803. 
lonones, 628. 

Irene, 627. 

Iron albuminate, 642. 

Iron and dilute acid as reducing agents, 
648. 

Iron pratonate, 642. 

Irone, 027. 

Isatic acid, 48Q. 

Isatin, 479 » 489, 553 , 555 , 703 - 
Isatin-anmde, 554. 

Isatin chloride, 555. 

Isatin, constitution of, 555, 704. 

Isatm ethers, 555, 704. 

Isatogenic acid, 554. 

4 aethionic acid, 204. 

Isoaiviygdalin, 632. 

Iso-amvl-iso- valerate, 184. 
Isp*antnra 9 avinic acid, 538. 
Is6-barbituric acid, 298. 

Iso-bomeol, 625. 

Iso-butane, 38. 

Isobutyl alcohol, 70, 71. 

Isobutyl carbinol, 83. 

Isobutyric acid, 159. 
a-Isocaoutchouc, 856, 859. 
Iso-cinchomeronic acid, 570. 
Iso-cinnamic acids, 480. 

Iso-crotonic acid, 170. 

Isocyanic esters, 281. 

Isocyanides, 105. 

Isocyanuric esters, 284. 

Isocyclic compounds, 342. 

Iso-dialuric acid, 298. 

Iso-durene, 369. 

Iso-ecgomne, 600. 

Isoform, 803. 

Iso-hydrobenzoin, 506. 

Iso-linalool, 607. 

Isomaltose, 331, 741. 

Isomerism, 12, 90. 

Isomerism, position, 139. 

Isomerism, side-chain, 3^9. 

Isomerism, stereo-chemical, 144, 160, 
251, 259 . 318, 346, 359, 414, 4S3, 676, 
739 * 

Isomerism in the cyanogen group, 104 
et seq., 280. « 

Isomerism of fumaric and maleic acids. 


Isomerism of paraffins, 38. 

Isomerism of polymeth^ene derivatives. 


Isomerism of 


the benzene derivatives. 


350 et seq., 361. 

Isomers of the diazo-compounds, 414. 
Iso-nicotinic acid, 569. 

Iso-nitriles, 105, 395. 


Iso-nitro-methane, 99. 
Iso-nitrosO|tacetone, 142. 


Iso-nitroso-camphor, 621. 
Iso-nitroso-ketones, 142. 
Iso-paraffins, 32. 

Iso-phthalic acid, 494. 

Isoprene, 601 , 602, 857, 862 et seq. 
Isopropyl, 39. 

Isc^ropyl-acetic acid, 159. 


Isopropyl alcohol, 70, 73. 
Isopropyl-benzene, 370. 

Isopropyl chloride, 63. 

Isopropyl iodide, 63. 
Isopropyl-methyl-TOmsene, 376. 
Iso-quinoline, 542, 572, 581. 
Iso-rnamnose, 318. 

Isorosindulines, 838. 

Iso-sacchsuic acid, 269. 

Iso-stilbene, 506. 

Iso-succinic acid, 249. 

Iso-thio acid amides, 193. 
Iso-thiocyanates, 285, 395. 
Iso-valenc acid, 159. 

Isuret, 195, 294. 

Japan camphor, 621. 

Juglone, 531. 

Juniper, oil of, 616. 

Kairine, 808. 

Kalmopyrin, 8ox. 

Keratin, 643. 

Kerosene, 42. 

Ketens, 778. 

Keto-butync acid, 231. 
Keto-dihydropyridine, 568. 
Keto-enolic tautomerism, 235. 
Keto-hexahydrobenzoic acid, 61 5. 
Keto-hexoses, 323. 

Keto-ketens, 779. 
Keto-pentametnylene, 335. 
Ketone-aldehydes, 212. 

Ketones, aliphatic, 137 et seq., 753. 
Ketones, aromatic, 452. 

Ketones, constitution of, 138. 
Ketones, mixed, 138. 

Ketonic acids, aromatic, 487. 
Ketonic acids, fatty, 212, 230, 269. 
Ketonic acids, fermentation of, 737. 
Ketonic hydrolysis, 234, 466. 
Ketoses, 310, 313. 

Ketoximes, aliphatic, 14 1, 143. 
Kharsivan, 795. 

Kolbe's synthesis, 465, 483. 


I = laevo-rotatory, 160, 258, 

Laccase, 7^0. 

Lac(albumin, 642. 

Lactam formation, 479. 

Lactamide, 223. 

Lactams, constitution of, 704. 

Lactase, 330, 739. 

Lactates, 223* 

/-Lactic acid, synthesis of, 721. 

Lacd'c acids, 174, 212, 213, 221 et seq.. 


721, 735. . ^ 

Lactic acid in fermentation of glucose, 

735. V' 


Lactic acids, derivatives of, 223. 
Lactic fermentation, 222. 


Lactide, 223. 

Lactim formation, 479. 
Lactobionic acid, 330. 
Lacto-biose, 329. 
Lactones, 225. 


Lactose, 329. 

Lactyl chloride, 223. 

Lactyl-urea, 295. 

Lactylic acid or Lactic anhydride, 223. 
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Ladenburg*t foimult for benzene, 357. 
Laevo-coniine, 590. 

Laevo-hmonene, 610. 

Lsevo>tartaric acid, 258. 

Laevulic acid, 231 > 238* 

Laevuline blues, 841. 

Laevulose, 323. 

Lakes, 42s, 537 . 843. 

Latex rubber, analyses of, 852. 

Latex rubber, coagulation of, 852. 
Laudanosine, 594. 

Laurie acid, 146, 163. 

Lauth's violet, 842. 

Lead acetates, 157. 

Lead compounds, 683. 

Lead formate, 155. 

Lead mercaptan, 92. 

Lead peroxide as an oxidizing agent, 669. 
Lead, sugar of, 157. 

Lead tetraethyl, 124. 

Lead tetramethyl, 124. 

Lead tnmethyl hydroxide, 124. 

Leather, 486. 

Le Bel-van't hypothesis, 160. 
Lecithin, 815. 

Legumin, 643. 

Leucaniline, 512. 

Leucaunne, 518. 

Leucine, 224, 639, 736. 

Leuco>bases, 510. 

Leuco-compounds, 424. 510. 
Leuco-malachite green, 51 1. 
Leuco-rosolic acid, 518. 

Lichenin, 339. 

LiebermanrCs reaction, 401, 434. 

Light blue, 517. 

Light green, 517. 

Light oils, 364. 

Lignocellulose, 336. 

Lignocenc acid, 146. 

Ligroin, 42. 

Limonene nitroso-chloride, 610, 613. 
Limonene tetrabromide, 610, 613. 
Limonenes, 609, 610. 

Linalool, 606. 

Linanyl acetate, 606. 

Lipase, 20s, 738, 741. 

Liver starch, 339. 

Loiponic acid, 592. 

Lotusin, 633. 

Luargol, 797. 

Ludyl, 797. 

Lupetidmes, 570. 

Luteolin, 572. 

Lutidines, 560. 

Lutidinic acid, 570. 

Lysetol, 814. 

Lysidine, 814. 

Lysine, 227, 589, 639. 

Lysol, 800. 

Lyjaose, 317. 

Madder root, 537. 

Magdila blue, 838. 

Magenta, 512, siS* 

Magnetic susceptibility, 731 
Malachite green, 512. 

Malamic acid, 257. 

Malamide, 257. 

Maleic add, 250. 


Malic add, 256, 723, 726. 

Malonic acid, 239. 245, 249. 

Malonic anhyd^de, 246. 

Malonic ester, 245. 

Malonic ester synthesis, 245. 

** Malonyl ”, 241. 

MalonyLurea, 298. 

Malt sugar, 330. 

Maltase, 81, 330, 738, 739. 

Maltobiose, 330. 

Maltose, 330, 740, 741, 747. 

Mandelic acid, 468, 488, 724. 
Manganese dioxide as an oxidizing agent, 
670. 

Mannide, 21 1. 

Manninotriose, 332. 

Manmtan, 21 1. 

Manmtol, 211, 318. 

Manno-heptose, 316, 721. 
Manno-nonose, 721. 

Manno-octose, 721. 

Manno-sacchanc acid, 269, |i8. 
Mannonic acid, 228, 318. 
Mannose-phenyl -hydrazone, 322 
Mannoses, 318, 322. 

Margaric acid, 146. 

Marsh gas, 34> 

Martins' yellow, 530. 

Mauveine, 837. 

Meconine, 595. 

Meldola's blue, 841. 

Melene, 45, 52. 

Melibiase, 739. 

Melibiose, 331. 

Melissic acid, 146. 

Melissic alcohol, 84. 

Melissic palmitate, 164, 184. 

Mclitnose, 331. 

Mellitene, 377. 

Mellitic acid, 367, 498. 

Mellophanic acid, 498. 

Melting-point, 25, 692. 

Melting-point curves, 692. 
Melting-point curves of racemic com- 
pounds, 267. 

Menthadienes, 609. 

Menthane, 609. 

Menthene, 613. 

Menthol, 613. 

Menthone, 613. 
Menthone-fiemicarbazone, 614. 

Menthyl benzoyl-formate, 722. 

Menthyl lactates, 721. 

Menthyl phenyl-methyl-glycoUate, 722. 
Menthyl pyruvate, 721. 

Mercaptans, 91. 

Mercaptides, 92. 

Mercaptol, 142. 

Mercerised cotton, 334. 

Mercunalin, 113. 

Mercuric cyanide, 278 
Mercuric formate, 155. 

Mercuric mercaptide, 92. m 
Mercuric oxide as an oxidizing agent, 

673- 

Mercurous formate, 155. 

Mercurous thiocyanate. 285. 

Mercury acetamide, 190. 

Mercury ethyl, 124. 

Mercury fulminate, 773. 
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Mercury methyl, 124. 

Mercurjr phenyl, 428. 

Meroquinene, 592, 593 < 

Mesidme, 301. 

Mesityl oxide, 141, 143. 

Mesitylene, 141. 360, 365, 366, 369, 375 - 
Mesitylenic acid^ 468, 479. 

Meso-tartaric acid, 255, 258, 263. 
Mesoxalic acid, 206, 269. 
Mesoxalyl-urea, 298. 

Meta-compounds, 354, 358. 
Metacymene, 369. 

Metaldehyde, 135. 

MeUllic cyanides, 278, 769-772. 
Metamerism, 90. 

Metanilic acid, A31. 

Metaphenylene blue, 838. 

Metaproteins, 644. 

leta-styrene, 377. 

Methr.crylic acid, 171. 

Methanal, 134. 

Methane, £.0, 34. 

Methane acid, 153. 

Methane-amide, 192. 

Methanol, 77. 

Methene, 50. 

Methoxy-benzaldehyde, ^^4. 
Methoxy-benzoic acid, 408. 
Methoxy-bcnzyl alcohol, 454. 
Methoxy-dihydroi^-phenanthrene ,598. 
Methoxy-ffroup, 183, 587. 
Methoxy-hydroxy-benzaldehyde, 454. 
Methoxy-hydroxy-benzyl alcohol, 454. 
Methoxy-methylenedioxyphthalic acid, 
596. 

Methoxy-pyridine, 568. 
Methoxy-quinoline-carboxylic acid, 580, 
592 - 

Methyl-acetanilide, 406. 
Methyl-acridine. 582. 

Methyl alcohol, 70, 77. 

Methyl-alloxan, 290. 
Methyl-allyl-phenyl-benzyl-ammonium 
iodide, 683. 

Methyl-amine, 113, 114. 

Methyl-aniline, 301, 401. 
Methyl-arbutin, 033. 

Methyl-arsenic compounds, iig et seq, 
Methyl-arsepedine, 798. 

Methyl-arsine chlorides, iiget seq. 
Methyl-benzene; see Toluene, 363, 369, 
374 - 

Memyl-benzimin-azole, 404. 

Methyl benzoate, 470. 

Methyl-benzoic acids, 468, 475, 478. 
Methyl benzoylacetate, 71 1. 

Methyl bromide, 59. 

2-Methyl-butane acid, 160. 
j-Methyl-butane acid, 159. 
Methyl-camphenilone, 625. 

Methyl carbonate, 289. 
Methyl-carbostynl, 577. 

Methyl chloride, 59, 62. 
Methyl-chloroform, 66. 
Methyl-cinnamic acid, 467. 

Methyl cinnamylidene-malonate, 763. 
Methyl-cyanamide, 287. 
Methyl-cyanide, 105. 

I -Mcthyl-cyclohexy lidenc-4-acetic acid , 
(^ 79 - 


Methyl-d^llactoside, 748. 

Methyl dimetlwl-ammo-acetate, 220. 
Methyl ether, 89. 

Methyl-ethyl-acetic acid, 160. 
Methyl-ethyl-aceto-acetic ester, 236. 
Methyl-ethyl-anilme oxide, 685. 
Methyl-ethyl-benzenes, 369. 
Methyl-ethyl-carbinol, 76. 

Methyl - emyl - dimethylaminomethyl - 
carbinyl benzoate, 816. 

Mcthyl-^yl ether, 87. 

Methyl-ethyl ketone, 143. 
Methyl-ethyl-phenacyl-sulphine bro- 
mide, 680. 

Methyl - ethyl - propyl - iso - butyl-ammo- 
nium chloride, 684. 

Methyl-ethyl-n-propyl-tin d-camphor- 
sulphonate, 601. 

Mediyl-edxyl-propyl-tin iodide, 681. 
Methyl-ethyl-selenetine bromide, 680. 
Methyl-ethyl sulphide, 92. 

Methyl-ethyl sulphone, 92. 

Methyl- ethyl- thetine bromide, 680. 
Methyl-ethyl-thetine d-camphor-sul- 
phonate, 680. 

Methyl-furane, 346. 

Methyl galactoside, 323. 

Methyl glucosides, 322, 631, 739, 742. 
Mcthyl-glycocoll, 220. 

Methyl-glyoxal, 212, 735 - 
Methyl-granatanine, 876. 

Methyl-green, 517. 

Methyl-heptenone, 605. 
Methyl-hydantoln, 290. 
Methyl-hydrazine, 116. 
Methyl-hydroxylammes ,115. 
Methyl-mdole, 551, 552. 

Methyl iodide, 59. 

Methyl-isatin, 555, 704. 

Methyl isocyanide, 106. 
Methyl-isopropyl-benzene, 376. 
Methyl-isopropyl-hydroxy-benzenes, 
442 . 

Mcthyl-iso-thiacetanilide, 194. 

Methyl isothiocyanate, 286. 
Methyl-malonic acid, 241, 249. 
Methyl-morphimethine, 598. 
Methyl-moiphol. 597. 
Me^hyl-napnthylanunes, 528. 
Methyl-nitramine, iiz. 

Methyl nitrate 96. 

Methyl nitrite, 97. 

Methyl-nitrolic acid, 99, 774. 
Methyl-orange, 426. 

Methyl oxalate, 244. 

Metnyl-oxamic ester, 109. 
Methyl-parabamc acid, 297. 
Methyl-pelletierine, 589. 

Methy 1 -pi »enyl-acridomum hyd roxide 
731 - 

Methyl-phenyl-fructosazone ,323. 
Methyl-phosphonic acid, 118. 
Methyl-piperidines, 570. 
Methyl-propane acid, 159. 
Mkthyl-propane di-acid, ^9. 
2-Methyl-2-pronene- 1 -acid, 1 7 1 . 
Methyl-propyl-benzenes, 376. 
Methyl-pyndines, 568. 
Methyl-pyridone, $68. 
Methyl-pyridonium iodide, 564. 
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Methyl-pyrrolidine, 603. 
Methyl-quinolines, 577, 580. 
Methyl-rnodin, 802. 

Methyl-rubber, 872. 

Methyl-succinic acid, 249* 

Methyl sulphate, 101. 

Methyl-aulphonic acid, 102. 
Methyl-tertiary-butyl ketone, 143, 200. 
Methyl-uracyl, 238, 297. 

Methyl-urea, 295* 

Methyl-unc acids, 302. 

Methyl violets, 516. 

Methyladipic acid, 613. 

Methylal, 134. 

Methylamine platinichloride, no. 
Methylated rosanilines, 516. 

Methylene, 50. 

Methylene blue, 843. 

Methylene bromide, 59, 64. 

Methylene chloride, 59, 64. 
Methylene-glycol, 199. 

Methylene green, 843. 

Methylene iodide, 59, 64. 
Methylene-protocatechuic aldehyde, 454. 
Methylene-quinones, 459. 

Metol, 240. 

Michael s reaction, 757. 

Micro-organisms for resolving racemic 
compounds, 265. 

Middle oils. 364. 

Mikado yellow and orange, 828. 

Milk sugar, 329. 

Milling olue, 838. 

Mtlloirs reagent, 637. 

Mineral lubricating oils, 42. 

Mineral oils, 41. 

Mint camphor. 613. 

Mincyl alcohol, 84. 

Mixed amines, 109. 

Mixed anhydrides, 188. 

Mixed ethers, 87. 

Mixed ketones, 138. 

Mixed sulphides, 92. 

Molasses, 328. 

Molecular compounds, 759. 

Molecular magnetic rotation, 699. 
Molecular rearrangements, m, 143, 
169, 401, 417, 419, 422, 436, ^ 9 ’ 
Molecular retraction, 695. 

Molecular rotation, 715. 

Molecular volume, 693. 

Molecular weight, determination of, 
8-12. 

Monochloraniline, 397. 

Monocyclic terpenes, 607. 

Monoethylin, 206. 

Monoformin, 154.. 

Monohydne alcohols, 68. I 
Monohydroxy fatty acids, 213. 
Mjnonitnn, 207. 

Monopalmitin, 208. 

Monosaccharoses, 309. 

Monosalicylin, 802. 

Mordants, 425. 

Morphine, 597. 

Morpholin. 561. 

Moss starch, 339. 

Mucic acid, 268, 318, 544. 

Mucins, 644. 

Muco-celluloses, 336. 

( B 480 ) 


Multi-rotation, 321. 

Murexide, 299. < 

Muscarine. 203. r 
Musk, artificial, 384. 

Mustard gas, 93. 

Mustard oils, 285, 395, 407. 
Mutarotation, 321, 330, 718. 

Myosin, 286, 642. 

B-Myrcne, 871. 

Myncetin, 572. 

Myristic acid, 146, 163. 

Myronic acid, 633. 

Myrosin. 286, 633. 738. 

Myrtillidin chloride, 575. 

Naphthalene, 490, 522. 
Naphthalene-carboxylic acids, 532. 
Naphthalene-dicarboxylic acids, 532 
Naphthalene dichlonde, 525- ^ 

Naphthalene-sulphonic acids, 529. 
Naphthalene tetrachloride, 525. 
Naphthalic acid, 532. 

Naphthaquinones. 531. 

Naphthazanne, 531. 

Naphthazine blue, 838. 

Naphthazines, 584. 

Naphthenes, 43. 

Naphthionic acid, 529. 
Naphtho-acridines, 582. 
Naphtho-phen-oxazine, 584. 
Naphtho-salol, 802. 

Naphthoic acids, 532. 

Naphthol black, 824. 

Naphthol blue-black, 824. 

Naphthol dyes, 530. 

Naphthol-sulphonic acids, 530. 
Naphthol yellow, 530. 

Naphthols, 523, 529. 
Naphthylamine-sulphonic acids, 529. 
Naphthylamines, 527. 

Naphthylene red, 826. 

Narcotme, 594. 

Neosalvarsan, 796, 

Nerol, 606. 

Ncrohn, 530. 

Neurine, 203. 

Neutral blue, 839. 

Neutral esters, 94, loi, 242. 

Neutral red, 836. 

Neutral violet, 836. 

New blue K, 841. 

Niagara blue, 826. 

Nicholson* 5 blue, 517. 

Nickel powder and hydrogen as a reduc- 
ing agent, 655. 

Nicotine, 586, 590. 

Nicotinic acid, 569, 590. 

Night blue, 830. 

Night green, 512. 

Nierosmes, 841. 

Nile blues, 586, 842. 

Nirvanine, 817. 

Nitracetanilides, 398. 

Nitramines, 112. 

Nitranilic acid, 458. 

Nitranilines, 398. 

Nitric acid, constitution, 98. 

Nitric acid as an oxidizing agent, 668 
Nitnles, aliphatic, 104, 752. 

Nitriles, aromatic, 463. 
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Nitriles, constitution of, io6. 
Nitro-alizann, 538. . 

Nitro-amino-phenols, 4^ jo, 
Nitro-benzalaehydes, 45 1 . 
Nitro-benzene, 384, 385. 

Nitro-benzene, electrolytic reduction of, 
662. 

Nitro-benzene as an oxidizing agent, 673. 
Nitro-benzene-sulphonic acids, 430. 
Nitro-benzoic acids, 473, 475. 
Nitro-benzoyl-formic acid, 489, 553. 
Nitro-benzvl-phenyl-nitrosamme, reduc- 
tion of, 049. 

Nitro-camphors, 624, 707, 717. 
Nitro-cinnamenes, 384. 386. 
Nitro-cinnamic acid dibromide, 479. 
Nitro-cinnamic acids, 482. 

^itro compounds, absorption of, 708. 
Nitro-decancj 98. 

Nitro derivatives, abphatic, 97. 

Nitro denyatives, aromatic, 383. 
Nlcro-dimethyl- aniline, 402. 
Nitro-diphenyl-amines, 401. 
Nitro-ethane, 98. 

Nitroform, 100. 

Nitrogen, detection of, 3. 

Nitrogen, estimation of, 5. 

Nitrogen, quinquevalent, 112, 403. 684. 
Nitrogen bases of the alkyl radicals, 107. 
Nitrogen isomensm, 144, 453, 683. 
Nitro-glyccrine, 208. 

Nitro-guanidine, 307. 

Nitrolamines, 608. 

Nitrolic acids, 99. 

Nitro-mesitylenc, 384. 

Nitro-methane, 97. 

Nitro-methanc, addition of to unsatu- 
rated compounds, 758. 
Nitro-naphthalenes, 524, 527. 
Nitro-naphthols, 530. 
Nitro-naphthylammes, 528. 
Nitro-phenols, 439, 709. 

Nitro-phenols, salts of, 439. 
Nitro-phenyl-acetic acid, 554. 
Nitro-phenyl-acetylene, 387. 
Nitro-phenyl-glyoxylic acid, 553. 
Nitro-phenyl-hydrazine, 423. 
Nitro-phenyl-lactyl-methyl ketone, 557. 
Nitro-phenyl-propiolic acid, 482, 554»- 

556. 

Nitro-prussic acid, 281. 

Nitrosamine red, 823. 

Nitrosamines, iii, 400, 402. 
Nitrosamines of aromatic bases, 400, 402. 
Nitrosates of terpenes, 608. 

Nitrosites of terpenes, 608. 

Nitroso and nitro dyestuffs, 821. 
Nitroso-benzene, 389. 

Nitroso-chlorides of terpenes, 608. 
Nitroso-diethyl-aniline, 403. 
Nitroso-dimethyl-aniline, 402. 
Nitroso-indole, 551. 

Nitro8o-ind6xyl, 553. 

Nitroso-limonenesj 610. 

Nitroso-phenol, 402, 439, 457. 
Nitro-styrenes, ^86. 

Nitro-tartaric acid, 262. 

Nitro-thiophene, 549 
Nitro- toluenes, 384, 386. 

NitiO-uracyl, 298. 


Nitro-uracyl-carbo^lic add, 297. 
Nitrous acid, constitution of, 98. 
Nitro-xylenes, ^84. 

Nomenclature, international. 40. 
Nomenclature of the alcohols, 76. 
Nomenclature of the hydrocarbons, 39. 
48. 

Nomenclature of hydroxy acids, 215. 
Nonane, 30. 

Nondecylic acid, 146. 

Nonoses, 310, 316. 

Nonyl alcohol, 70. 

Nonylene, 45. 

Nonylic acid, 146. 

Normal esters, 94, loi, 242. 

Normal salts, 150. 

Norpmene, 619. 

Norpinic acid, 618. 

Novocaine^ 817. 

Nucleic acid, 643. 

Nucleo-protems, 643. 

o = ortho; see Ortho-compounds. 
Octa-acetyl derivatives of sugars, 328, 
330. 

Octa-decylene, 45. 

Octane, 30. 

Octa-nitrates of sugars, 328. 

Octoses, 310. 316. 

Octyl alcohol, 70. 

Octylamine, 113. 

Octylene, 45. 

Octylic acid; see Capryhc acid, 163. 
(Enanthol, 135. 

CEnidin chloride, 575. 

Official names, 40, 48. 

Oil of bitter almonds, 276, 448. 

Oil of the Dutch chemists, 48. 

Oil of turpentine, 616. 

Oils, essential, 601. 

Oils and fats, 164. 

Olefiant gas, 48. 

Olefine bond, 46. 

Olefines, 44. 

Olefines, constitution of, 49. 

OlefineSj formation of, 49. 

Oleic acid, 164, 167, 171. 

Oleic senes of acids, 168. 

OleM, 164. 

Olive oil, 164. 

Open chains, 20, 341. 

Open-chain terpenes, 602. 

Opianic acid, 595. 

Opium bases, 593, 59A. 

Optical activity, 160, 677, 715. 

Optical isomerides, physiological activity 
of, 819. 

Optically Active compounds, their pre- 
paration by means of ferments, 265. 
Orange G and GT, 823. 

Orcinol, 433, 44^. 

Organo-magnesium compounds, 124, 
428. 

Organo-metallic compounds, 122, 429* 
Orilhtation of benzene derivatives, 473, 

Ornithine, 227, 493, 589. 

Ortho-acetic ester, 204. 

Ortho-acids, 148. 

Ortho-acids, derivatives of, 184. 
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Ortho«carbonic eater, 210, 290. 
Ortho-compounds, 354, 358. 
Ortho-formic acid, 204. 
Ortho-quinonea, 455. 

Oaazonea, 230, 31 x. 

Oaonea, 315. 

Ovalbumin, 638. 

Oxal-acetic acid, 269, 737. 

Oxalic acid, 212, »o, 242, 249. 

Oxalic ester; see ]^yl oxalate. 

Oxaluric acid, 296, 297. 

“ Oxalyl ”, 2AI. 

Oxalyl chloriae, 242, 244. 

Oxalyl-urea; see Parabanic acidt 296, 

Oxamethane, 244. 

Oxamic acid, 242, 244. 

Oxamide, 242, 244. 

Oxanilic acid, 406. 

Oxanilide, 406. 

Oxazole, 560. 

Oxidases, 738. 

Oxidation, 663. 

Oxidation, catalytic, 749. 

Oxidation, effects of conditions on, 664. 
Oxidation, electrolsrtic, 674. 

Oxidation of benzene hydrocarbons, 372. 
Oxidation with acidified permanganate, 
666 . 

Oxidation with alkaline permanganate, 

665. 

Oxidation with chromic anhydride, 667. 
Oxidation with chromyl chloride, 667, 
Oxidation with dichromate and acid, 667. 
Oxidation with formaldehyde, 674. 
Oxidation with neutral permanganate, 

666 . 

Oxidation with nitric acid, 668. 
Oxidation with oxygen, 670. 

Oxidation with ozone, 67 1 . 

Oxidation with peroxides, 669. 
Oxidation with potassium fenicyanide, 

673* 

Oxidation with potassium persulphate, 
673. 

Oxidation with silver oxide, 673. 
Oxidation with sulphuric acid, 669. 
Oximes, 133, 141, 143, 311, 453. 
Oximes, constitution of, 144. « 

Oxtmide, 245. 

4 - Oximino - cyclohexane - i - carboxylic 
acid, 679. 

Oxindole, 478, 552, 555 * 

Oxonium suts, 562, 720. 

Oxozonides, 671. 

Oxy-carbanil, constitution of, 705. 
Oxy-celluloses, 334. 

Oxy-haemoglobin, 643. 

!)xy-proline, 639. 

Dxy-purine, 303. 

!)xy-uvitic acid, 238. 

Dxygen, estimation of, 6. 

Ozokerite, 44. 

3 zone as an oxidizing agent, 671. 

Ozone as a reagent tor estimating enols, 

Ozonides, 671. 

n para; see Para-compounds. 
alatme black, 824. 
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Palma-rosa oil, 606. 

Palmitic acid, 146, 163, 167. 

Palmitin, 16^ 

Palmito-nitrip, 105. 

Papain, 740. 

Papaveraldine, 593. 

Papaverine, 593. 

Papaveroline, 593. 

teaSyde . 135. 

Para-anthracene, 535. 

Para-compounds, 354, 358. 
Para-cyanogen, 275. 

Para-formaldehyde, 134. 

Para-fuchsine, 516. 

Para-lactic acid, 223. 

Para-leucaniline, 512, 513. 
Para-qumones, 455. 

Para-red, 822. 

Para-rosaniline, 51 3> 

Para-tartaric acid; see Racemic Seta, 25B. 
Parabanic acid, 296, 297. 

Paraffin, liquid, 44. 

Paraffin wax, 42, 43. 

Paraffins, 31. 

Paraffins, constitution of, 38. 

Paraffins, formation of, 33. 

Paraurazine, 294. 

Paroxazine, 583. 

Partial valencies, 764. 

Partition coefficient, 28. 

Patent blue, 517. 

Patent green, 512. 

Pectase, 738. 

Pectine, 703. 

Pectocelluloses, 336. 

Pelargonic acid, 171. 

Pelargonidin chloride, 575. 

Pelletierine, 590. 

Penocoll, 809. 

Pentacetyldinllic acid, 634. 
Pentacetylgalactose, 323. 
Pentacetylglucose, 321. 
Penta-chlor-aniline, 398. 

Penta-decylene, 45. 

Penta-dccylic acid, 146. 
Penta-digalloyl-glucose, 634, 635. 
Penta-hydric alcohols, 208, 209. 
Penta-hydroxy-flavone, 572. 
Penta-methylarsine, 789. 
Penta-iMthylene, J42. 
Penta-methylene-diamine, 203, 565. 
Penta-tnacontane, 30. 

Pentane acid, 159. 

Pentane di-acid, 248. 

Pentanes, 30, 38. 

Pentanone di-acid, 270. 
Penta-phenyl-ethane, 777. 

Pentoses, 310, 317* 

Peppermint, oil of, 613. 

Pepsin, 641, 738, 740. 

Peptones, 641, 644. 

Per-acid salts, 150. 

Perbenzoic acid, 471. 

Perbromoacetone, 367 
Perchlor-ether, 89. 

Perchloro-ethane, 67. 

“ Peri "-position, 526. 

Perkin’s synthesis, 450, 466, 490. 
Permanganate as an oxidizing agent, 665. 

SOaf 
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Pcroninc, 598. 

Peroxidases » 740. 

Peroxides, 188. 

Peroxides as oxidizingr ageq^, 66g. 
Perozonides, 671. 

Persulphocyamc acid, 285. * 

Petrol, 42. 

Petroleum, 41. 

Phaseolunatm, 633. 

Phellandrene, 612. 

Phellandrene derivatives, 613. 

“ Phenacetine ”, 440, 809. 

Phenacyl bromide, 452. 
Phenanthraquinone, 540. 

Phcnanthrene, 533, 538, 597. 
Phenanthrene-/3-carDoxylic acid, 539. 
Phenanthrene picrate, 539. 
Phenanthrene-quinol, 540. 

Phmanthrol, 512. 

Ph^tes^ 432 . 

Phenazine, 583, 585. 

Phcnetedines, 440. 

Phcn*<l.ole, 437^ 

PhenocoU, 440. 

Phenol, 433, 436, 800. 

Phenol, esters of. 432. 

Phenol, ethers of, 432. 

Phenol-methyl ether; see Anisole^ 4; 

437. 

Phenol-phthalefn, 520. 
Phenol-phthalein-oximc, 520. 
Phenol-phthaline, 520. 

Phenol-sulphonic acids, 441. 

Phenolic acids, aromatic, 483. 

Phenolic alcohols, &c., 454. 

Phenols, 432. 

Phenoxazme, 586. 

Phenoxides, 432. 
fl-Phenoxy-cinnamic acid, 573. 
jPhenthiazine, 584. 

Phenyl acetate, 438. 

Phenyl-acetic acid, 468, 478. 
Phenyl-acetylene, 377. 

Phenyl-acridine, 582. 

Phenyl-alanine, 470, 639. 
Phenyl-allyl-dimethyl-ammonium io- 
dide, 685. 

Phenylamine, 396. 

Phenyl-amino-acetic acid, 478. 
Phenyl-amino-propiomc acids, 479, 639. 
Phenyl-benzoic acid, 505. 

Phenyl - benzyl - methyl - ethyl- am- 
monium iodide, 632. 

I -Phenyl-butadiene, 861, 
Phenyl-carbimide, 407. 

Phenyl-carbinol, 446. 

Phenyl-chloracetic acid, 478. 

Phenyl cyanide; see Benzomtrile, 472. 
Phenyl-diamino-phenazonium salts, 835. 
Phenyl-dibromo-propionic acid, 480. 
Phenyl-dimethyl-pyrazolone, 238, 559, 
Phenyl - dipropyl - methyl - ammonium 
iodide. 685. 

Phenyl aisulphKle, 438. 

Phenylene diammes, 404. 

Phenyl ether, 437. 

Phenyl-ethyl-alcohols, 447. 

Phenyl-ethyl ether, 437. 
Phenyl-ethylene, 377. 
Phenyl-glucosazone, 321. 


Phenyl-glycerol, 447. 

Phenyl-glycine, 407. 

Phenyl -glycocoll, 407, 557. 
Phenyl-glycocoll-o-carboxylic acid, 557. 
Phenyl-glycoUic acid. 488. 
Phenyl-glyoxylic acid, 452, 489. 
Phenyl-hydrazine, 422. 
Phenyl-hydrazones, 133, 141, 449, 452, 
453* 

Phenyl hydrogen sulphate, 437. 

Phenyl hydrosulphide, 438. 
Phenyl-hydroxylamine, 418, 422. 

Phenyl -hydroxy-propiomc acid, 489, 
599* 

Phenyl-imino-buiyric acid, 407. 
Phenyl-indole, 552. 

Phenyl iodide, 282. 

Phenyl iodide dichloride, 382. 
Phenyl-isocrotonic acid, 482, 524. 
Phenyl isocyanate, 407. 

Phenyl isothiocyanate, 407. 

Phenyl magnesium bromide, 428. 
Phenyl-methyl-carbinol, 447. 
Phenyl-methyl ether, 437. 

Phenyl -methyl -ethyl - allyl - ammonium 
iodide, 632. 

Phenyl-methyl hydrazine, 422. 
Phenyl-methyl ketone, 452. 
Phenyl-methyl-pyrazolone, 238, 559. 
Phenyl-naphthalene, 532. 
Phenyl-naphthylamines, 528. . 
Phenyl-nitrosamme ,415. 
Phenyl-nitro-methane, 387. 
Phenyl-phosphine, 428. 
Phenyl-phosphine dichloride, 543. 
Phenyl-phosphinic acid, 428. 
Phenyl-propiolic acid, 461, 468, 48a. 
Phenyl-propionic acids, 466, 479* 

Phenyl radical, 350. 

Phenyl salicylate, 484. 

Phenyl-salicylic acid, 484. 

Phenyl sulphide, 438. 
Phenyl-sulphonamic acid, 430. 

Phenyl sulphone, 438. 
Phenyl-p-lolyl-anU-^etoxime, 454. 
Phenyl-p-tolyl-syn-ketoxime, 454. 
Phenylurethane, 809. 

Phlorctic acid, 633. 

Phlorct^n, 633. 

Phloridzin, 633. 

Phloroglucinol, 367, 433. 445> 633* 
Phloroglucinol-di-carboxylic ester, 466. 
Phloroglucinol-hexa-methvl ether, 445. 
Phloroglucinol-mono-mcthyl ether, 576. 
Phloroglucinol-trimethyl ether, 445* 
Phlorogkicinol-tnoxime, 445. 

Phorone, 141, 143, 660. 

Phosgene, 289. 

Phosphatol. 8 c2. 

Phosphenyl chloride, 428. 

Phosphine, 833. 

Phosphine-oxides, 117. 

Phosphines, 117 et seq, 

Phosphinic acids, x 18. 
Phospliino-benzcne, 428. 
Phospttn-benzene, 428. 
Phospho-proteins, 643. 

Phosphonic acids, no. 

Phosphomum bases, 117, 118. 
Phosphoric esters, 103, 209^ 
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Phosphorous esters, 103. 

Phosphorus, detection of, 4. 

Phosphorus, estimation of, 6. 
Phosphorus compounds, aromatic, 427. 
Phthaleins, S19, 830. 

Phthalic acids, 492, 494. 

Phthalic anhydride, 492. 

Phthalide, 489. 

Phthahmide, 478, 493. 

Phthalines, 520. 

Phthalo-phenone, 493, 519. 

Phthalyl chloride, 493. 

Physical properties of organic com- 
pounds, 24 et seq.y 689 et seq. 
Phytochemical synthesis of alkaloids, 
„.s89* 

Picene, 540. 

Picolines, 568. 

Picolinic acid, 569. 

Picramide, 399. 

Picnc acid, 439. 

Picryl chloride, 386, 440. 

Pimanc acid, 630. 

Pimelic acid, 239, 368. 

Pinacoline, 143, 200. 

Pinacone, 200, 864. 

Pinene, 616. 

Pinene dibromide, 617. 

Pinene glycol, 617. 

Pinene hydrochloride, 617. 

Pinene nitroso-chloride, 017. 

Pinic acid, 618. 

Pinole, 617. 

Pinonic acid, 618. 

Pipecolines, 570. 

Piperazine, 585, 814. 

Pipenc acid, 491, 570. 

Pipendeins, 570. 

Piperidine, 203, 561, 564. S66, 570. 
Piperidine, constitution of, 566. 
Pipenne, 489, 570, 591. 

Piperonal, 454. 

Piperonylic acid, 486. 

Pivalic acid, 163. 

Plane of symmetry, 677. 

Platimchlondes, no, 390, 394. 
Polyamines, aromatic, 404. 

Poly basic acids, 270 . 

Polyhydric alcohols, 209. _ 

Polyhydnc dibasic acids, 268. 

Polyhydric monobasic acids, 226. 
Polymerism, 12. 

Polymenzation of acetylenes, 54, 362. 
Polymerization of aldehydes, 132. 
Polymenzation of butadiene and iso- 
prene, 868. • 

Polymenzation of nitnles, 105. 
Polymenzation of olefines, 47. 
Polymethylene denvatniis, 342 et seq. 
Polyoses, 309. ’ 

Polypeptides, 640, 644. 

Polysaccharoses, 309, 332. 

Polyterpenes, 601. 

Ponceaus, 823, 824. 

Populin, 633. 

Position isomerism, 90. 

Potassium acetates, 157 
Potassium antimonyl-tanraic, 202. 
Potassium carboxide, 367. 

Potassium chloranilate, 458. 


Potassium cyanate, 282. 

Potassium cyanide, 276. 

Potassium diazobenzene oxide, 414. 
Potassium e^yl, 123. 

Potassium ethyl carbonate, 289. 
Potassium ^h>;l oxalate, 244. 

Potassium ferricyanide, 280. 

Potassium femeyanide as an oxidizing 
agent, 669. 

Potassium ferri-ferrocyanide, 280. 
Potassium ferrocyanide, 270. 

Potassium ferro-ferrocyamde, 279. 
Potassium formate, 154. 

Potassium indoxyl-suliihate, 553* 
Potassium methoxide = potassium 
methylate, 78. 

Potassium methyl, 123. 

Potassium myronate, 286. 

Potassium nitranilate, 458. 

Potassium persulphate as an oxi^ing 
agent, 669. 

Potassium pyrrole, 547. 

Potassium thiocyanate, 2'l4. 

Potassium xanthate, 305. 

Prehnitic acid, ^98. 

Primary, secondary, and tertiary acids, 

15a- 

Primary, secondary, and tertiary alcohols, 
7 i- 73 f 75 » loo* 

Pnmary, secondary, and tertiary amines, 
107 et seq. 

Pnmary, secondary, and tertiary di- 
amines, 202. 

Primary, secondary, and tertiary nitro- 
compounds, 99. 

Pnmary, secondary, and tertiary phos- 
phines, 1 17. 

Pnmary, secondary, tertiary, and qua- 
ternary hydrazines, 116. 

Pnmulines, 829. 

Pnmuhne yellow, 829. 

Printing blues, 841. 

Pnsm formula of benzene, 357. 
Proflavine, 804. 

Proline, 639. 

Propadiene, 56. 

Propaldehyde, 135. 

Propane, 30, 38. 

Propane di-acid, 245. 

Propane-diol acid, 226. 

Propane-diols, 199. 

Prepaid- nitnle, 105. 
Propane-2-ol-i-acid, 222. 
Propane-tricarboxylic acid, 270. 
Propane-triol, 205. 

Propanol, 83. 

Propanol di-acid, 256. 

Propanone, 142. 

Propargyl alcohol, 85. 

Propargylic acid, 172. 

Propenal, 136. 

Propene, 51. 

Propene acid, 170. 

Propeneol, 85. « 

Properties of unsaturated acids affected 
by position of double bond, 760. 
Propine, 56. 

Propinol, 85. 

Propiolic acid. 172. 

Propionic acia, 146, 158. 
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Propionitrile, 105. 

Propionyl, 153. 

Propyl-acetic acid, igg, 
Propyl-aceto-acetic eater, :k 6. 
Propyl-alcohols, 70, 83. T 
Propyl-amines, 113. | 

Propyl-benzenes, 369, 376.* 

Propyl bromides, 59, 63. 

Propyl carbonate, 289. 

Propyl chlorides, 59, 63. 

Propylene, ^5, 51. 

Propylene ji^lycols, jog, 212. 

Propyl iodides, 59, 63. 
Propyl-methyl-benzenes, 376. 

Propyl ortho-carbonate, 290. 
Propyl-piperidines, 590. 
Propyl-pseudo-nitroL 100. 
Propyl-pyridines, 568. 

Protamines, 642. 

ProtQjns, 643. 

Proteolytic enzymes, 740. 

Proteoses, 644. 

Protoaitechui<» acid. 485 576. 
Protocatechnic aldehyde, 454. 

Protopme, 598. 

Prussian blues, 281. 

Prussic acid, 275. 

Pseudo-acids, 99, 388, 427, 519, 731* 
Pseudo-bases, 515, 731. 

Pseudo-cumene, 369, 376. 
Pseudo-cumenol, 433. 

Pseudo-cumidine, 391. 

Pseudo-indoxyl, 553. 

Pseudo-ionone, 628. 

Pseudo-isomensm, 710. 
Pseudo-methvlisatin, 555, 704. 
Pseudo-nitrols, 99. 

Pseudo-pelletienne, 859, 876. 
Pseudo-phenols, 459. 

Pseudo-uric acid, 301. 

Ptomaines, 203, 641. 

Pulejfone, 604, 614, 627. 

Pur^tives, 815. 

Punne, 300. 

Purine group, 300 ft seq. 

Purpuric acid, 299. 

Purpurin, 844. 

Putrescine, 202, 641. 

Pj'ramidone, 809. 

Pyrazine, 558, 561, 584. 

Pyrazole, 695. 

Pyrazolidine, 558. 

Pyrazoline, 558, 695. 

Pyrazolone, SS9- 
Pyrazolone dyestuffs, 829. 

Pyrene, 540. 

Pyridazine, 561, 584. 

Pyridine, 342. 542 » 544 . ?6i, 563. 
Pyndme - carboxylic acids, 569, 579, 

P^^ine derivatives, 566 et seq. 
Pyridyl-methyl-pyrrole, 59 1 . 
Pyridyl-mcthyl-pyrrolidine, 591. 
Pyridjrl-pyrroles*;,'!©! . 

Pyrimidine, 561, *584. 

Pyro-mellitic acid, 498. 

Pyro-mucic acid, 544, 547. 

Pyro-racemic acid, 231, 233. 
Pyro-tartaric aci^ 249. 

Pyrocatechin — Catechol, 442. 


Pyrogallol ~ Pyrogallic acid, 433, 444. 
Pyro^llol-dimethyl ether, 445, 
Pyroligneous acid, 156. 

Pyrone, s6i. 

Pyrone-dicarboxylic acid, 563. 

Pyronine group, 520, 583, 830, 832. 
Pyroaryline, 335. 

Pyrro}?. 342, 543 , S 44 , 547 , 597 - 
Pyrrolidine, 548. 

Pyrrolidine-carboxylic acid, 548, 639. 
Pyrroline, ^47. 

Pyruvic acid, 212, 231, 233, 736, 737. 
Pyruvic acid phenyl-hydrazone, 232* 

Qualitative analysis, 2. 

Quantitative analysis, 4. 

Quaternary ammonium bases, 107, 403. 
Quercitin, 572, 574. 

Quercitol, 446. 

Qiunaldine, 577, 578, 580. 
Quinhydrone, 456. 

Quinic acid, 487, 580, 592. 

Quinidine, 593. 

Quinine, 591, 808. 

Quinitol, 444. 

Quinizarine, 538. 

Quino-dimetnanes, 460. 
Quino-methanes, 460. 

Quinol, 433, 443. 

Quinol-dicarboxylic acid, 497. 
Quinoline, 542, 544 , 57 =, 57 o- 
Quinoline carboxylic acids, 580. 
Quinoline decahydride, 580. 

Qumohne yellow, 580. 

Qumolinic acid. 566, 570. 

Quinolinium salts, 580. 

Quinone-aniles, 458, 459. 

Quinone chlorimide, 459. 

Quinone dichlorimide, 459. 
Quinone-diimide, 459. 
Quinone-dioxime, 457, 
Quinone-monanile, 459. 
Quinone-oxime, 459. 

Quinones, 405, 455 . 53 1, 536, 540, 707 - 
Qumonoid formulse, 515. 

Quinotoxine, 592. 

Quinovose, 318. 

Quinoxaline, 405, 585. 


Racemic' acid, 258, 262. 

Racemic compounds, 162, 263, 267. 

** Racemic ** modification, 162. 
Racemization, 266, 722, 728. 

Radicals, 22. 

Raffinose, 331. 

Rates of ustenfi cation, 180. 

Red prussiate of potash, 280. 

“ Reduced ” benzene derivatives, 372. 



Reduction, 646. 

Reduction by micro-organisms, 663. 
Reduction, catalytic, 655. 

Reduction, electrolytic, 661. 

Reduction in acid solution, 646. 
Reducti«ti in alkaline solution, 651. 
Reduction in neutral solution, 653. 
Reduction of benzene hydrocarbons, 372 
Reduction with ethyl alcohol, 6^4. 
Reduction with hydrogen sulphide, 655 
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Reduction with hydrogen under high 
pressure, 660. 

R^uction with metab, 654. 

Reduction with nascent hydrogen, 646. 
Reduction with palladium and platinum, 
658. 

Reduction with sodium ethoxide, 654. 
Reduction with sodium hyposulphite, 

Rec^ction with sodium stannite, 654. 
Reduction with sulphurous acid, 655. 
Re^^matsky*s reaction, 127, 272, 605, 

Refraction, molecular, 695, 780. 

Rennin, 738. 

Resm acids, 630. 

Resin soaps, 630. 

Resins, 630. 

Resolution of r-lactic acid, 223. 
Resolution of r-mandelic acid, 488. 
Resolution of racemic compounds, 263. 
Resolution of racemic sugars, 324. 
Resorcin brown, 824. 

Resorcin green, 821. 

Resorcin yellow, 426. 

Resorcinol, 433, 443. 

Retene, 540. 

Revertose, 330. 

Rhamnazm, 572. 

Rhamnetin, 572. 

Rhamnitol, 2ii. 

Rhamnose, 318. 

Rhigolene, 42. 

Rhodamines, S2it 832. 

Rhodeose, 318. 

Ribose. 317. 

Rochelle salt, 262. 

Rodinal, 440. 

Rosaniline, 513. 

Rosaniline group, 512. 

Rosaniline salts, 513. 

Rosindulines, 838. 

Rosolic acid, 518. 

Rotary dispersion, 717. 

Rubber, annual production, 850. 

Rubber hllers, 875. 

Rubber latex, 851. 

Rubber, raw, 855. 

Rubber, reclaimed, 876. 

Rubber, sources 01, 849. 

Rubber substitute, white, 875. 

Rubber, synthetic, 861. 

Sabinene, 621. 

Saccharate, strontium, 329. 

Saccharic acid, 268, 318. 

Saccharimetry, 329* 

Saccharine, 478. 

Saccharo-biose, 328. 

SaccharomyceSt 79, 83. 

^fonines, 835, 037. 

Sage, oil of, 616. 

Sahein, 633, 801. 

Salicyl-aldehyde, 454. 

Salicylic acid, 468, 483. 

Salicylosalicylic acid, 810. 

Saligenin, 454 633. 

Salit, 802. 

Salmine, 642. 

Salol, 484, 80 X. 


Salophene, 484. 

Saloquimne, 593. 

Salt out, 165, 426, 637. 

Salts of fatty aci'ls, 150. 

Salts of sorrel, 2^. 

Salvarsan, 795. I 
Sandmeyer's reaction, 412. 

Sandm^er's synthesis of isatin, 554 
Saponification, 73, 95, 164. 

Sarcine, 303. 

Sarco-lactic acid, 223. 

Sarcosine, 220. 

Saturated acids, 145. 

Saturated hydrocarbons, 30. 

Saturation isomerism, 139. 

Scarlet, Biebnch, 427. 

Schiff*s bases, 395, 450. 

Sch^'s reagent, 516. 

Scleroproteins, 643. 

Scopolamine, 601. 

Secondary alcohols, 72 et seq.^ 137 
Secondary arsines, 120. 0 

Secondary butyl iodide, 62. 

Secondary diamines, 202. 

Secondary nitro-compounds, 93. 
Sedoheptose, 316. 

Seignette salt, 262. 

Selenium compounds, 94. 
Semicarbazide, 142, 294. 
Semicarbazones, 142, 294. 

Semicylic bonds, 609, 781. 

Serine, 226, 639. 

Serum albumin, 642. 

Sesqui-terpenes, 601. 

Shale oil, 43. 

Shellac, 630. 

Side>chain isomerism, 361. 

“ Side chains ”, 371. 

Sidonal, 814. 

Silico-nonane, 122. 

Silico-nonyl alcohol, 122. 

Silicon compounds, 122, 681. 

Silk, artificial, 335. 

Silver formate, 155. 

Silver fulminate, 773 . 

Silver oxide as an oxidizing agent, 673. 
Simple ethers, 87. 

Simple ketones, 138. 

Sinigrm, 634. 

Skatole, 552. 

Skatolgiycocdll, 639. 

Skraup's synthesis, 576. 

Slow neutralization, 388, 731. 

Soamin, 792. 

Soaps, 164 et seq, 

Sobrerol, 617. 

Sobrerythritol, 618. 

Sodio-aceto-acetic ester, 236. 
Sodio-malonic ester, 245. 

Sodium acetate, 157. 

Sodium amalgam as reducing agent, 650, 
653. 

Sodium as a reducing agent, 65 1 . 
Sodium ethyl, 123. 

Sodium ethoxide, 82. 

Sodium formate, 153. 

Sodium glycolls, 198. 

Sodium methyl, 123. 

Sodium nitro-prusside, 281. 

Sodium tnphenylmethane, 777 
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Solanine bases, 599, 

Solanine S., 634. 

Solubility, 24 . 

Soluble starch, 338. 

Solvent naphtha, 364. , 

Somnal, 806. 

Sorbic acid, 172, 763. 

Sorbitols, 21 1, 310. 

Sorbose, 324. 

Sozo>iodol, 441. 

Sozolic acid, 441. 

Specific gravi^, 25, 693. 

Specific refractive power, 695. 

Specific rotatory power, 715. 

Specific volume, 25. 

Spermaceti, 164. 

Spirans, 788. 

Spirit blue, 517. 

Spirits of wine, 78. 

Stability of heterocyclic rings, 571. 
Stability of polymethylene derivatives, 
343. 

Stachyose, 332. 

Stannous chloride as reducing agent, 648. 
Starch, 338. 

Starch, animal, 339. 

Starch gum, 339. 

Starch, soluble, 338. 

Steam distillation, 27. 

Stearic acid, 146, 163, 167, 205. 

Stearin, 164. 

Stearin candles, 164. 

Stereochemistry of carbon, 160, 259, 318, 
346, 361, 670, 

Stereochemistry of cobalt, 688. 
Stereochemistry of diphenyl group, 500. 
Stereochemistry of nitrogen, 144, 453, 
683. 

Stereochemistry of phosphorus, 688. 
Stereochemistry of selenion, 680. 
Sterp^hemistry of silicon, 681. 
St<i«ochemistry of sulphur, 680. 
Stereochemistry of tin, 681. 
Stereoisomerism, 160. 

Stereoisomerism of benzene derivatives, 
361. 

Stereoisomerism of fumaric and maleic 
acids, 252. 

Stereoisomerism of glucoses, 8cc., 3x8. 
Stereoisomerism of oidmes, 144, 453, 
687. 

Stereoisomerism of polymethylene de- 
rivatives, 346. 

Stereoisomerism of tartaric acids, 259. 
Stereoisomerism of valeric acids, &c., 
160. 


Steric retardation or hindrance, 18 1 , 475. 
Stibinoarsenobenzene, 797. 

Stilbene, 409, 506. 

Stilbene dibromide, 506. 

Stilbene dyestuffs, 828. 

Storax, 377, 448, 480, 631. 

Stovaine, 8 t6. 

Strychnine, 599. 

Strychnine bases, 599. 

Sturine, 642. 

Styphnic acid, 443. 

Styrene, 377. 

Subcutin, 817, 

Suberic acid, 239. 


Substantive dyes ” 501, 506, 825. 
Substituted benzoic acids, 473. 
Substituted camphors, 624. 

Substitution, 31, 58, 378. 

Substitution, inverse, 33. 

Substitution, laws governing, 473. 
Succinamic acid, 247. 

Succinamide, 247. 

Succinic acid, 239, 246, 249, 736, 737. 
Succinic anhydride, 248. 

Succmimide. 242, 247. 

Succinonitnle, 201. 

“ Succinyl ”, 241. 

Succinyl chloride, 248. 

Succinylosalicylic acid, 8 10. 
Succinylosuccmic acid, 366, 497. 
Sucrase, 738. 

Sucrose, 328, 746. 

Sudans, 823, 824. 

Sugars, the, 310 er seg. 

Sufphanilic acid, 430. 

Sulphide dyestuffs, 845. 

Sulphides, 91. 93. 

Sulphinic acids, aromatic, 428. 

Sulphinic acids, fatty, 103. 

Sulpho-acetic acid, 177. 
Sulpho-benzimide, 478. 

Sulpho-benzoic acids, 478. 
Sulphobenzylethylpropylsilicyl oxide, 
682. 

Sulphoform, 798. 

Sulphonal, 142, 808. 
p - Sulphone - dichloraminobenzoic acid , 
803. 

Sulphones, 92 , 93> 

Sulphomc acids, aliphatic, 102. 
Sulphonic acids, aromatic, 428. 
Sulphonium salts, 93. 

Sulpho-urea, 306, 

Sulphoxides, 92, 93. 

Sulphur, detection of, 3. 

Sulphur, estimation of, 6. 

Sulphur, valency of, 93. 

Sulphuric acid as an oxidizing agent, 669. 
” Sulphuric ether 88, 

Sun yellow, 828. 

Sylvane, 546. 

Sylvestrene, 611. 

Sy’ .restrene derivatives, 613. 

Symmetry and optical activity, 677. 
Sympathominetic action, 813. 
*Vy«-aldoximes, 145. 
iS’yn-diazo compounds, 415. 

Synthesis in ring systems, 787. 

Synthesis in the sugar group, 315. 
Synthesising enzymes, 740. 
Synlhesis-phytochemical of alkaloids, 

Synt^etu alkaloids, 815. 

Synthetic disaccharoses, 748. 

Synthetic drugs, 799. 

Synthetic dves, 820. 

Synthetic gfucosides, &c., 741. 

Synthetic hexoses, 375, 339. 

Svnthetic terpenes, 611, 613, 615. 
Syringin, 633. 

Tagatose, 324. 

Talitols, 318. 

Talo-mucic acid, 269, 318. 
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Talonic acid, 318. 

Taloses, 318, 321, 323. 

Tannic acids, 486. 

Tannin, 486. 

Tannin orange R, 821. 

Tanning materials, 486. 

Tannoform, 800. 

Tar, coal, 361. 

Tartar emetic, 262. 

Tartaric acid, 258, 368, 726. 

Tartaric acid, esters of, 262. 

Tartaric acids, inactive, 255, 258, 367. 
See also Dextro-^ and Para- 

tartaric acids. 

Tartaric acids, stereoisomerism of the, 

^59. 

Tartrates, 262. 

Tartrazine, 829. 

Tartronic acid, 206, 256. 

Tattronyl urea, 298. 

Taurine, 203. 

Taurocholic acid, 203, 734. 
Tautomerism, 191, 23s, 277, 427, 445, 
709. 

'rellurium compounds, 94. 
Terebenthene, 617. 

Terephthalic acid, 494. 

Terpadieneone, 614. 

Terpadienes, 609. 

Terpadiol, 615. 

Terpane, 609. 

Terpanol, 613, 614. 

Terpanone, 613. 

Terpeneone, 614. 

Terpenes, 601 et seq, 

Terpenylic acid, 614, 616. 

Terpin, 607, 615. 

Terpin hydrate, 610, 616. 

Terpinene, 607, 610. 

Terpinene denvatives, 613. 

Terpineol, 607, 6n, 614, 618. 
Terpinolene, 61 1. 

Tcrpinolcne tetrabromidc, 613. 

Tertiary alcohols, 71, 75. 

Tertiary-butyl iodide, 63. 

Tertiary diamines, 202. 

Tertiary mtro-compounds, 99. 

Tcrvalcnt carbon, 775. 
Tetra-acet-hydrazide, 192. 
Tetra-acetobromoglucosc, 314. ^ 

Tetra-bromo-fluorcscein , 521. 
Tetra-bromo-methane, 59. 
Tetracetylene-dicarboxylic acid, 256. 
Tetra-cmoro-aniline, 398. 
Tetra-chloro-methanc, S9. 67. 
Tetra-chloro-quinone, 457. s 

Tetra-decane, 30. 

Tetra-decylcne, 45. 
Tetra-ethyl-phosphonium hydroxide, 

1 18. 

Tetra-ethyl-rhodaminc, 521. 
"*^tiB-ethyl-silicane, 122. 
Tetra-ethvl-telrazine, 116. 

Tetra-hydric alcohols, 208, 209, 210. 
Tetra-hydro-benzene, 373. 
Tetra-hydro-benzoic acids, 470. 
Tetra-hydro-berbenne, 596. 
Tetra-hydro-naphthalene, 525. 
Tetra-hydro-naphthols, 530, 652. 
Tetra-hydro-naphthylamines, 528, 652. 


Tetra-hydro-phthalic acids, 494. 
Tetra-hydro-pyndine, 570. 
Tetra-hydro-pyridine-3 -carboxylic acid, 

Tetra-hydro-qui /oline, 564, 580. 
Tetra-hydro-qmhone, 457. 
Tetra-hydro-terephthalic acids, 494, 496. 
Tetra-hydro-thiophene, 549. 
Tetra-hydro-xylenes, 375. 
Tetra-hydroxy-anthra-quinones, 844. 
Tctra-iodo-pyrrole, 547, 802. 
Tetrakisazo dyestuffs, 827. 
Tetra-methyl-ammonium compounds, 
1 14. 

Tetra-methyl-benzenes, 369, 376. 
Tetra-methyl-diamino-dimethyl-cthyl- 
carbinyl benzoate, 817. 
Tetra-methyl-diamino-euxanthone, 58 - 
Tetra - methyl - diamino - triphenyl 
carbinol, 

Tetra - methyl - diamino - triphcAyl 
methane, Kii. , 

Tetra-methyl-ethylene glycol, 200. > 

Tetra-mcthyl-phosphonium hydroxide, 
118. 

Tetra-methyl-silicane, 122. 
Tetra-methyl-stibonium hydroxide, 121. 
Tetra-methylene, 342. 
Tetra-mcthylene-diamine, 202, bai. 
Tetra-methylene-dicarboxylic acids, 346. 
Tetra-methylene-iminc, 548. 
Tetramylase, 339. 

Tetra-nitro-methane, 100, 759. 
5-Tetra-phenyl-ethanc, 522. 
Tetra-phenyl-methane, 521. 
Tetra-phenyl-pyrazine, 585. 
Tetra-phenyl-ouinodimcthane, 460. 
Tetra-phenyl-tniopene, 549, 

Tetrazole, 560. 

Tctrolic acid, 172. 

Tetroses, 310, 317. 

Thebaine, 598. 

Theine, 303. 

Theobromine, 303. 

Theophylline, 303, 813. 

Theories of coagulation of rubber, 854. 
Theory of valency, 13. 

Thiacetamide, 193. 

Thiacetanihde, 103, 406. 

Thiacctic acid, 180. 

ITiiamidcs, 193. 

Thiazinc dyestuffs, 842. 

Thiazines, 583. 

Thiazolc, 559. 

Thiazolc dyestuffs, 829. 

Thioacetone, 141. 

Thio-acids, 151, 188. 

Thio-alcohols, 91. 

Thio-anhydrides, 188. 

Thio-benzamide, 472. 

Thio-carbamic compounds, 306. 
Thio-carbamide, 306. 

Thio-carbanilide, <54. 

Thio-carbonic acids, 305. j 
T hio-carbomc compounds, 305. 
Thio-carbonyl chloride, 305. 

Thiocoll, 802. 

Thio-cyanates, 284 et seq. 

TTiio-cyanic acid, 284. 

Thio-cyanic ester, 285. 
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Thio-cthers, 90. 

Thioflavinea, 829. 

Thio-frlycoU, 198. 

Thio-indigos, 8^6. ' 

Thiolbenzoic acid, 487 
Thiola, 91. 752. 

Thionaphmene, 5441 5'ji* 

Thionessal, 54Q. 

Thioninc blue. 843. 

Thiophene, 342, 374. 542, 543. 544. 
548. 

Thiophenc-carboxylic acid, 544, 549* 
Thiophene-sulphonic acid, 549. 
Thio-phenol, 432, 438- 
Thio-phoagene, 305. 

Thiotolene, 544, 549- 
Thio-urea, 287, 306. 

Thrombas^ 738. 

Thujenes, 021. 

^Uuione, 626. 

Thyme, oil of, 602. 

Thymo-cpiinone, 458. 

Inymol, 433^ 442, 614. 

Tiemann ‘ Retmer reaction, 434, 455. 
465. 

Tiglic acid, 167, 171. 

Tin, alkyl compounds of, 124. 

Tin and hydrochloric acid as reducing 
agents, 647* 

Tolamine, 803. 

Tolane, 506. 

Tolidine, 502. 

Tolu-qumone, 458. 

Toluene, 363, 369, 374. , 

^Toluene'-sulphonechloramide, 803* 
Toluene*sulphonic acids, 431. 

Toluic acids, 468, 478. 

Toluididea, 406. 

Toluidines, 391. 399* 

Toluylene blue, 833. 

Toluvlene red, 835. 

Tolyl alcohob, 446. 

Tolyl-acetic acids, 468. 
Tolyl-diphenyl-methanes, 510. 
Tol3fl-phcnyl-mcthanes, 504. 

Toxines, 203, 641. 

“ Trans form, 255. 347* , . 

Transformation of benzene derivatives 
into fatty compounds, 367. 
Transition temperatures, 264, 

Trehalose, 331. 

Tri»acctone peroxide, 188. 

Tri-amines, aromatic, 405, 

Tri - ammo - azobenzene hydrochloride, 
426. 

Tn-amino-diphenyl-tolyl-methane, 512. 
Tri-amino-phenol, 440. 

Tri-amino- triphenyl-carbinol, 513. 
Tn-ami no-triphenyl-methane ,512, 
Tri-arylamines, 401. 

Tri-azo compounds, 784. 

Tri-azole, 560. 

Tri-bromacetic acid, 173. 
Tri-bromai..line, 398. 
Tri-bromo-phenol, 439* 
Tri-bromoresoquinone, 458. 
Tri-carballylic acid, 270. 
Tri-chloranilinc. 397. 

Tri-chlorhydrin, 207* 

Tri-chloro-acetal, 136. 


Tri-chloro-acctic acid, 173, 176. 
Tri-chloro-accto-acrylic acid, 367. 
Tri-chloro-aldchyde = Chloral, 135. 
Tri-chloro-benzenes, 381. 
Tri-chloro-butyl alcohol, 806. 
Tri-chloro-cyanogen, 281. 
Tri-chloro-cthanal, 135. 
Tri-chloro-ethylene, 782. 
Tri-chloro-methane, 06. 
Tri-chloro-phenomalic acid, 367. 
Tn-chloro-propane, 207. 
Tri-chloro-purme, 301. 

Tri-cosane, 30. 

Tri-decylene, 45. 

Tri-decylic acid, 146. 
Tri-diphenyl-methyl, 777. 

Tri-ethyl aceto-citrate. 271. 
Tri-ethylamine, 115. 

Tri-ethyl-arsine. 120. 

Tri-cthyl-benzene, 366. 
Tri-ethyl-phosphine, 118. 

Tri-hydric alcohols, 204. 

Tri-hydric phenols, 444* 
Tri-hydrocyanic acid, 278. 
Tri-hydroxy-anthraquinones, 844. 
Tri-hydroxy-benzenes, 4^. 
Tri-hydroxy-benzoic acids, 486. 
Tri-hydroxy-glutanc acids, 268. 
Tri-hydroxy-nitroso- benzene, 821. 
Tri-hydroxy-purine, 300. 
Tri-hydroxy-teipane, 614. 
Tri-keto-hexamethylene, 445* 
Tri-melhtic acid, 49^* 

Trimesic acid, 498. 

Trimesic ester, 366. ^ 

Tri-methyl-acctic acid, 163. 
Tri-methyl-arsine, izo, 121. 
Tri-methyl-arsine dichloride, 12I. 
Tri-methyl-arsine oxide. 121. 
Tri-methyl-benzenes, 309. 375* , 

Tri-methyl-carballylic acid = Campho- 
ronic acm, 622. 

Tri-methyl-carbinol. 76. 
Tri-methyl-glycocoll == Betafne, 220. 

Tri - methyl - hydroxymethyl - ammonium 
hydroxide = Choline, 203. 
Tri-methyl-phenyl-ammonium hydrox- 
ide, 403. 

Tri-methyl-phosphine oxide, 118. 
Tri-methyl-pyridme-dicarboxylic ester, 

565. 

Tri-methyl-pjnidines == Collidines, 569. 
Tri-methyl-stibine, 121. 
Tri-methyl-succinic acid, 622. 
Tri-methyl-sulphine hydroxide, 93. 
Tri-methyl-sulphinc iodide, 93. 
Tri-methyl-sulphonium hydroxide, 93. 
Tri-methyl-sulphonium icmide, 93. 
Tri-meth’'l- vinyl-ammonium hydroxide, 
203, ^ 

Tri-methyl-xanthmc, 303. 
Tri-mcthylamine, 114- 
Tri-methylamine oxide, 114. 
Tri-methylene, 342. 

. Tri-methylene bromide, 199. 

Tt 1-methylene glycol, 199. 
Tri-nitranilincs, 399. 

Tri-nitrin 208. 

Tri-nitro-benzene, 38«!. 
Tri-nitro-benzene as vulcanizcr, 875. 
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Tri-nitro-chloro-bcnzene = Picryl chlo- 
ride, 386. 

Tri-nitro-methane, 100. 
Tri-nitro-naphthalene, 527. 
Tri-nitro-phenol; see Picric acid, 439. 
Tri-nitro-tertiary-butyl-toluene, 386. 
Tn-nitro- triphenyl-carbinol , 509 . 
Tn-mtro-tnphenvl-methane, 509. 
Tri-oldn; see Olein, 171. 

Trional, 808. 

Trioses, 310, 316. 

Tri-oxy-methylene, 134. 

Tri-palmitin, 208. 

Tri-phenyl-acetic acid, 777. 
Tri-phenylamine, 403. 
Tri-phenyl-benzene, 502. 
Tri-phenyl-carbinol, 447, 509. 
Tri-phenyl-carbinol-o-carboxylic acid , 

519- 

Tri-phenyl-fuchsine, 517. 
Tn-phenyl-mcthane, 499, 509. 

Tn - phenyl-methane - carboxylic acid, 
$19- 

Tn-phenyl-methane dyes, 510, 830. 
Tn-phenyl-methyl. 775. 
Tn-phenyl-methylamine, 509. 
Tri-phenyl-methyl bromide, 509. 
Tri-phenyl-methyl-diphenylamine, 777. 
Tn-phenyl-methyl peroxide, 775. 
Tri-phenyl-pyndme, 569. 
Tri-phcnyl-stibine sulphide, 798. 

Tnple bond, 52. 

Tn-saccharoses, 309, 331. 

Tri-stearin, 208. 

Tri-thio-carbonic acid, 305. 

Tropaeolme O, 427. 

Tropaeolmes, 426. 

Tropelnes, 599. 

Tropic acid, 468, 489, 599. 

Tropidine, 6co. 

Tropine, 599. 

Tropine-carboxyhc acid, 600. 

Tropinic acid, 600. 

Tropinone, 589, 590, 600. 

Trypaflavme, 805. 

Trypan blue, 804, 

Trypan red, 804. 

Trypsin, 641, 738, 740. 

Tryptophan, 639. 

Turpentine, oil of, 616. 

Tylnatnn, 801. 

Types, theory of, 13-15. 

Tyramme, 81 1. 

Tynan purple, 846. 

Tyrosinase, 740. 

Tyrosine, 485, 639, 641, 740. 

Tyrosol, 736 

Umbelhc acid, 491. ' 

^ "mbelliferone, 491 . 

Undecane, 30. 

Undecylene, 45. 

Undecylic aciif, 146. 

Unorganized ferments; see Enzymes. 
Unsaturated acids, 167, 461, 760. 
Unsaturated alcohols, 8a, 447. 
Unsaturated dibasic acids, 249. 
Unsaturated hydrocarbons^ 377. 
Unsaturated monobasic acids, 167. 
Unsaturated monosaccharoses, 324 


Unsaturation, types of, 755. 
Unsaturation and physical properties. 

779 - i 
Uramil, 298 . 1 
Uranme, 83ii| 

Urea, acyl denvatives of, 295. 

Urea, alkyl denvatives of, 295. 

Urea, determination of, 294. 

Urea, salts, &c., of, 294. 

Urea = Carbamide, 1, 290, 291. 

Urease, 740. 

Ureides, 289, 295 et seq, 

Ureido-acids, 296 et seq. 

Urete, 550. 

Urethanes. 291. 

Uretidme, 550. 

Uretidone, 550. 

Uretine, 550. 

Uretone, 550. 

Uric acid, 300, 301. 

Uric acid, derivatives of, 30^. 

Unc acid elimmants, 814. 

Urol, 814. 

Uvitic acid, 494. 

Valency, theory of, 13, 764. 

Valency of sulphur, 93. 

Valenc acids, 146, 159. 

Valero-lactone, 560. 

Valero-nitrile, 105. 

Valerobromine, 807. 

Valerone, 139. 

Valine, 639. 

Vanillic acid, 485. 

Vanillic alcohol, 454. 

Vanillin, 455. 

Vapour density, determination 
Vapour pressure, lowering of, i 
Vaseline, 44. 

Vat dyestuffs, 845. 

Veratric acid, 486. 

Veronal, 298, 807. 

Victoria blues, 830. 

Victoria green, 512. 

Victoria orange, 442. 

Vidal black, 845. 

VineMr, 156. 

Vinyl acetic acid, 171. 

Vinyl alcohol, 84. 

Vmyl bromide, 59, 68. 

Vinyl chloiide, 59. 

Vinyl iodide, 59. 

Vinyl-ethyl ether, 90. 

Vmvl - mcthoxy - methylenedioxybenz- 
aldehyde, 506. 

Vinylpipendyl-acetic acid, 592. 
ViolamineSj 832. 

Violuric acid, 298. 

Viscoid, 336. 

Viscose, 336. 

Viscosity, 731. 

Vitamines, 645. 

Vulcanite, 872, 875. ^ ' 

Vulcanization of rubber, 872. 

Walden inversion, 722 et seq. 

Wandering H atom, 766. 

Wandering of groups, 419. 

Water blue, 517. 

Wax varieties, 164- 
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Weatron, 782. 

Westrosol, 78a. 

WUliamton*s blue, 281. 

Wine, 78. 

Wine, spirits of. 81. 

Wintergreen, oil of, 77, 483. 
Wood gum, 317. 

Wood spint, 77. 

Wood sugar, 317. 

Wood tar, 77. 

Wool black, 824. 

Wool green, 8^0. 

Wool scarlet, 823. 

Xanthene, 582> 

Xanthene dyestuffs, 830. 

Xanthic acid, 306. 

Xanthine. 302, 6^3. 
XaASlo^cnelidonic acid, 563. 
Xantho-protdtn reaction, the, 637. 
Xarv^one, 583* 

Xarnhopurpurine, 538. 
Xylene-carboxylic acids, 479. 
Xylene-sulphonic acids, 431. 
Xylenes, 369, 375. 


Xylenols, 366, 433. 

Xylidides, 406. 

Xylidines, 391. 

Xylitol, 211. 

Xylo-quinone, 366, 488. 

Xylose, 317. 

Yeast, 79, 83, 732. 

Yeast juice, '3[33. 

Yellow prussiate of potash, 279. 

Zinc and acid as reducing agents, 648 
et seq. 

Zinc and alcohol as reducing agents, 653. 
Zinc and alkali as reducing agents, 653. 
Zinc dust and acetic acid as reducing 
agents, 650. 

Zinc dust and saline solutions as reducing 
agents, 654. 

Zinc ethyl, 124. 

Zinc methyl, 123. 

Zinc methoxide. 124. 

Zinc-methyl iodide, 124. 

Zymase, 80, 314, 733, 738. 

Zymin, 733. 
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